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b tract 
The lack of freshwater resources represents a major constraint against the sustainable 
development m arid and semi-arid regions. Because of the scarcity and randomness 
nature of rainfal l in arid regions, urface water re ources are almost absent. Groundwater 
resources are always under tres and in many cases do not suffice the water demands for 
different sectors. Desal ination plants are widely constructed to substitute for the water 
shortage. The UAE, inc luding jman emirate, is witnessing a rapid development in the 
industrial commercial, construction and agricul tural fields which has led to a tremendous 
increase in water demands. 
Proper management of the l imited water resources in UAE requires a 
comprehensive knowledge on water resources avai labi l ity and potentials. Data related to 
water resources are numerous and diverse and are general ly not preserved in a digital 
form. Therefore, retrieval of data may require excessive effort and time in such a way that 
hinders the decision makers to take the proper actions. No effort has been made, so far, to 
review, assess and analyze the avai lable data related to water resources in Ajman emirate 
Efficient and integrated management of the avai lable water resources in Ajman 
require avai labi l ity of huge data. Such data include, among others, water demand and 
water supply patterns in the emirate, distribution of water demands among various 
consumption sectors, geometric, hydrological and hydrogeological characteristics of the 
aquifer systems, groundwater levels and qual ity, pumping rates, location of pumping and 
observation wel ls, and others. Such diverse data and information can only be managed 
and analyzed through Geographical Information Systems (GIS)  databases. 
The thesis demonstrates the development of the G IS  database of Ajman emirate. 
Well fields, groundwater levels  and qual ity, geological and hydrogeological information, 
aquifer parameters, rainfall  records, groundwater qual ity data, pipel ines, and other related 
data were mapped to recent remote sensing images. The obtained GIS  maps provide a 
good support to decision makers in the area of water resources management and 
sustainabi l ity in Ajman emirate. 
The ult imate aim, which can be ful ly  achieved in future studies, is to integrate the 
Ajman water resources G IS  database into other related databases in the country. The 
results of the current study can serve as a model for the development of water resources 
databases in the other emirates. 
The importance of water resources in the sustainable development in Ajman 
emirate and UAE can not be over emphasized. The results of the study are expected to 
have a direct and significant impact on the water resources management in Ajman. These 
resul ts wi l l  help  professionals  and researchers to conduct advanced research to assess, 
develop protect and sustain the avai lable water resources in Ajman. The GIS  database 
wi l l  provide the needed support for decision making process. The developed G I S  
database o f  water resources i n  Ajman might be regarded as a model to G I S  databases in 
the other emirates. Water resources databases in the different emirates can then be 
integrated to develop a national database. 
Key Words:  Aj man emirate, water resources, management, GIS ,  database, groundwater 
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Chapter 1 .  I n trod uction and Literature Review 
1 .1. Water Re ource in West Asia 
The 4-mi l l ion-square-kilometre west Asia regIon can be divided geographical ly and 
ecologica l ly  into two sub-regions, the Mashriq and the Arabian Peninsula. The region 
comprises 1 2  states with a total population of 85 .6  mi l l ion in 1 995. The Mashriq, with a 
1 995 population of 45 . 1 mi l l ion, inc ludes Lebanon, Syria, Jordan, Iraq and the territories 
of the National Palestinian Authority (NPA). The Arabian Peninsula, with a 1 995 
population of 40.5 mi l l ion, inc ludes Bahrain Kuwait, Oman, Qatar, Saudi Arabia, the 
United Arab Emirate (UAE) and Yemen. 
The great majority of the region (over 72 per cent) has an annual rainfal l of less 
than 1 00 mi l l imeters; about 1 8  per cent receives between 1 00 and 300 mi l l imeters; less 
than 1 0  per cent receives between 300 and 1 300 mi l l imeters (ACSAD 1 997). About 80 
per cent of the region is therefore c lassified as semi-desert or desert land (AOAD 1 995), 
1 6  per cent is subject to desertificat ion, and only 1 0  per cent is suitable for agriculture 
(2.3 per cent under irrigation and 7 .7 per cent under rain fed cultivation). 
Estimates of conventional (surface and groundwater) and non-conventional water 
resources (desa l inated water, wastewater and agricultural drainage) in the region as of 
1 995 are: Annual rainfal l  provides around 443000 mi l l ion cubic meters (ACSAD 1 997), 
of which 4 1  per cent fal l s  in the Mashriq and 59 per cent in the Arabian Peninsula. 
Surface water resources are estimated to be 8 8300 mi l l ion cubic meters in the Mashriq 
sub-region and 83 1 0  mi l l ion cubic meters in the Arabian Peninsula. 
Groundwater exists in both sub-regions, including both shal low and deep aquifers. 
In the Arabian Peninsula, groundwater in the shal low al luvial aquifers, located along the 
main wadi channels and the floodplains of drainage basins, is the only renewable water 
resource with an approximate annual recharge of 5020 mi l l ion cubic meters a year. The 
Mashriq has frequent low to medium intensity rainfal l of long durat ion which favors 
groundwater recharge. Hence the estimated annual recharge is better, at 85 1 5  mi l l ion 
cubic meters a year. 
Shal low aquifer reserves are estimated at 1 30500 mi l l ion cubic meters in the 
Arabian Peninsula; approximately 1 3 300 mi l l ion cubic meters is avai lable in the Mashriq 
(ACSAD 1 997) .  Coastal a l luvial aquifers in the Arabian Peninsula are subject to salt 
water intrusion due to extensive groundwater withdrawal which has caused sal inization of 
1 
coastal agricultural land , resulting in the reduction of agricultural production and the 
complete loss of some arable land. imi larly, in the Mashnq sub-region the discharge of 
raw and partial ly treated wastewater from agriculture, industry and municipal ities into 
water courses is a cause of deep concern over its health impacts; it has subjected 
agricultural l and and water resource to severe pol lution, and has contaminated shal low 
aquifers. 
A catastrophic water shortage could prove an even bigger threat to mankind this 
century than soaring food price and the relentless experts of energy reserves. 
Underground aquifers could nm dry at the same time as melting glaciers play havoc with 
fresh suppl ies of usable water. 
"The glaciers on the Himalayas are retreating, and they are the sponge that holds 
the water back in the rainy season. World is facing the risk of extreme nm-off, which 
water running straight into the Bay of Bengal and taking a lot of topsoi l  with it,". A few 
hundred square mi les of the Himalayas are the source for al l the major rivers of Asia - the 
Ganges, the yel low river, and the Yangtze - where three bi l l ion people l ive. Water is not 
a renewable  resource. People have been mining it without restraint because it has not 
been priced properly.  Farming makes up 70 per cent of global water demand. Fresh water 
for irrigation is never returned to underground basins. Most is lost through leaks and 
evaporation (Stem 2008) .  
Water is the "petroleum for the next century", offering huge rewards for investors 
who know how to play the infrastructure boom. Demand for water continues to escalate at 
unsustainable rates. Global ly water consumption is doubl ing every 20 years. By 2025, it 
is estimated that about one third of the global popUlation wi l l  not have access to adequate 
drinking water. China faces an acute chal lenge. It makes up 2 1  per cent of humanity but 
controls j ust seven per cent of water supply .  Disputes over cross-border water basins have 
already prompted Egypt to threaten mi l itary action against any country that draws water 
off the Ni le without agreement. The shift to an animal protein diet across Asia has added 
to the strain. It takes 1 5  cubic meters of water on average to produce one ki logram of 
beef, compared to six poultry, and 1 .5 for com. 
The g lobal c l imate change was now setting off a self-feeding spiral. World have 
droughts combined with a psychotic excess of rainfa l l .  There are 800 mi l l ion in the world 
are 'food insecure' .  They can' t  grow enough food, or can' t  afford to buy it. This is a 
seismic shift in  the global economy (Stem 2008).  
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1 .2.  Water Re ou rces in  Arabian Penin ula 
The main source of water for the countries of the rabian Peninsula is non-renewable 
fossil groundwater stored in edimentar deep aquifers. These store significant amounts 
of groundwater that is thousands of years old. Deep groundwater reserves are estimated at 
2 1 75 thousand mi l l ion cubic meters, with the major portion ( 1 9 1 9  thousand mi l l ion cubic 
meters) in Saudi Arabia (AI Alawi and Abdulrazzak 1 993). However, recharge to all deep 
aquifers is estimated at a very l imited 2700 mi l l ion cubic meters per year. The qual ity of 
the deep aquifers aries great ly; onl m a few areas is  it suitable for domestic 
consumption. Most of the water from these deep aquifers is used for agricultural 
purposes. 
Groundwater resources m West Asia in general, and the Arabian Peninsula in 
particular, are in a critical condition because the volumes withdrawn far exceed natural 
recharge rates, result ing in a continuous dec l ine in groundwater levels and a deterioration 
in water qual i ty caused by the encroachment of sea water into coastal a l luvial aquifers 
and the up-flow of connate waters in inland aquifers. A 1 995 comparison between the 
Arabian Peninsula's annual groundwater recharge (7200 mi l l ion cubic meters) and 
groundwater abstraction rates (23600 mi l l ion cubic meters), indicates that the mining of 
groundwater reserves in the Arabian Peninsula is  about 1 6400 mi l l ion cubic meters; by 
country, groundwater depletion rates (in mi l l ions of cubic meters) are: Bahrain - 1 00; 
Kuwait - 200, Oman - 240, Qatar - 1 40, Saudi Arabia - 1 3558 ;  UAE - 1 495, and Yemen 
- 700 (F AO 1 997). 
In the Mashriq, there is  growmg evidence of groundwater depletion in  many 
countries such as Jordan, Syria and the Gaza Strip, where groundwater use has been 
increasing, largely because of a decrease m surface water avai lab i l ity 
(WRIlUNEPf UNDP/WB 1 996), in addition, over-irrigat ion and surface dumping of 
partial ly treated wastewater has generated l arge volumes of contaminated water, 
increasing the pol l ution levels of shal low aquifers. 
Desal ination technology was introduced in the mid- 1 950s and has developed very 
rapidly to counteract the shortage in conventional water sources. The majority of the 
region's desal ination plants are found in the Arabian Peninsula; saltwater treatment 
faci l ities in the Mashriq are few and of smal l capacity. The 45 desal ination plants 
operating in the Arabian Peninsula as a whole in 1 992 had a total designed capacity of 
2320 mi l l ion cubic meters, equivalent to 4 1  per cent of global capacity (Bushnak 1 995), 
and a total 1 995 output of some 1 645 mi l l ion cubic meters (Zubari 1 997). The cost of 
3 
water de al i nation ranges from $l/m3 to U $ 1 .5/m3. Al l  desal ination plants have orne 
negati e effects on the en irorunent since they cause air pol l ution by emitting oxides and 
marine pol lution from the rejected brine. 
Wastewater treatment in the Arabian Peninsula constitutes an increasing water 
ource driven by e calating water consumption in urban areas. Existing sewage treatment 
faci l ities, which proces primary wastewater and have a processing capabi l ity estimated at 
92 1 mi l l ion cubic meter a year, could hand le about 43 per cent of all domestic 
wastewater. However the reu ed treated wastewater, which does not exceed 392 mi l l ion 
cubic meters a year, is used mainly for i rrigating fodder crops, gardens, highway 
landscapes and parks (Zubari 1 997). The remainder is dumped at disposal areas to 
infil trate shal low aquifers, or into the sea. In the Mashriq, wastewater, except in large 
cities, is discharged into watercourses and only part of it is used for irrigation purposes. 
Recycled i rrigation water is not used much in the Arabian Peninsula since excess 
irrigation water infiltrates the lower horizons and ultimately reaches the groundwater 
table; only in Saudi Arabia, in AI-Hassa Oasis, is about 30 mi l l ion cubic meters a year of 
irrigation water reused in agriculture by mixing it with groundwater, (AI-Kuwaiti et al .  
1 999). I n  the Mashriq sub-region only Syria exploits these water sources, with some 1 2 1 0  
mi l l ion cubic meters being recycled annual ly. Th is source has, however future potential 
given proper irrigation practices are appl ied. Other forms of non-conventional water 
sources, such as rainwater harvesting and weather modification are sti l l  in the research 
stage. 
Population growth in west Asia is a major issue affecting al l sustainable socio­
economic development. The estimated population in 1 995 was 85 .6 mi l l ion (UNSPD 
1 997) with an average growth rate of 3 .73 per cent for the Arabian Peninsula (Arab Fund 
1 995)  and 3 per cent for the Mashriq countries (UNSPD 1 997). 
The total water used for a l l  purposes in the west Asia region in 1 995 amounted to 
96065 mi l l ion cubic meters (29565 mi l l ion cubic meters in the Arabian Peninsula and 
66500 mi l l ion cubic meters in the Mashriq), average per capita water use in the same year 
was est imated to be 730 cubic meters a year for the Arabian Peninsula sub-region and 
1 475 cubic meters a year in the Mashriq .  The high population growth rate in the region 
exceeds by far the rate of water resource development. Consequently, the annual per 
capita share of water resources is decreasing, and at an increasing rate. According to the 
global water assessment, the share per individual in the Arab world has decreased during 
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the last two decades from 2 200 cubic meters a year to 1 1 00 cubic meters a year 
(WRIlUNEPIUNDP/WB 1 996). 
Five countrie of west Asia have a per capita water use of less than 500 cubic 
meters a year half the benchmark of 1 000 cubic meters a year which indicates chronic 
water scarcity (WRlIUNEPIUNDP/WB 1 996). Onl two countries, Iraq and Syria, 
actual ly  exceed the 1 000 cubic meters a year benchmark; audi Arabia and UAE have 
done so only by mining their groundwater reserves. 
The national economy of most countries of west Asia depends on oil and oil­
related industries, commerce, l ight industries, and agriculture, in this descending order. 
Due to the fast increase in population and urbanization, domestic water and industry 
needs are escalating at rates with which avai lable water resources cannot keep pace. 
Furthermore, the adopted pol icy of food self-sufficiency imposes continual constraints on 
the a l location of water resources, which would otherwise reduce the share for agriculture 
in favor of increased domestic and industrial demand. Currently the agricultural sector 
takes 85 per cent of avai lable water resources in the Arabian Peninsula and 95 per cent in 
the Mashriq,  fol lowed by domestic water use, 1 4  per cent and 4 per cent respectively, 
with industry in both sub-regions accounting for less than 2 per cent (ACSAD 2000). This 
indicates that these countries have already exhausted their renewable water resources and 
are now exploiting non-renewable reserves. 
In the Mashriq the water stress index looks better, except for Jordan where it is 
over 1 00 per cent. However, al l countries of this sub-region have critical conflicts 
concerning shared water resources which remain to be reconci led. Furthermore, not only 
are per capita water resources below 1 000 cubic meters a year in 9 out of the 1 2  countries 
of west Asia, in 7 countries (Bahrain, Jordan, Kuwait, NPA, Saudi Arabia, UAE and 
Yemen) they are even below 500 cubic meters a year. The overa l l  value of the water 
stress index for West Asia is 84.4 per cent, which is considered very critica l .  It is worth 
mentioning that groundwater reserves were depleted by over 1 7 000 mi l l ion cubic meters 
in 1 995 (ACSAD 2000). 
The Arabian Peninsula is  already suffering from a deficit in water resources. The 
1 995 total annual water demand of 29565 mi l l ion cubic meters is estimated to grow to 
47320 m i l l ion cubic meters by 20 1 5  whereas the total avai lable water wi l l  hardly  exceed 
1 5400 mi l l ion cubic meters (ACSAD 2000). Under these circumstances it wi l l  be difficult 
to maintain the regional emphasis on food production and the widespread import of 
foodstuffs wi l l  increase by necessity. 
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Current! , the ater defic it i partial ly compensated for by the 0 er-exploitation 
of shal low and deep fossi l aquifers and by the extensi e instal lation of highly expensive 
desalination plants. The negati e impact include fast depletion of aquifer reserves, 
possible conflicts ari ing from differential use of aquifers shared between states, 
deteriorating water qual ity and alinisat ion of agricultural lands. Furthermore, existing 
wastewater treatment faci l ities can cope with only 35 per cent of urban and industrial 
waste. Pol lution from inappropriate disposal of untreated wastewater wi l l  create health 
hazards through the contamination of shal low groundwater aquifers. 
These issues are al l aggravated by a general weakness among the institutions 
deal ing with water affairs. This is due to inadequate technical capabi l ities and 
unsatisfactory coordination between concerned water authorities. The Mashriq sub­
region, with nearly ten times the renewable water resources of the Arabian Peninsula, is 
in a much better situation. Avai lable resources can theoretical ly sustain the projected use 
of 95875 mi l l ion cubic meters in 20 1 5  (ACSAD 2000). However, strict control measures 
are needed to curb current problems related to over-exploitation, inefficient re-use of 
wastewater, untreated industrial waste and pol lution of shal low aquifers. Institutional 
capacity bui lding and enforcement of legislation also require attention, as wel l  as the 
continuing problem of potential conflicts between neighboring states over the equitable 
distribution of shared water resources. 
1 .3. Water Resources in UAE 
Three priority issues dominate water resources in the UAE, (Uncowr 2003) :  
1 )  Water shortages as the UAE is arid in nature 
2) Degradation and depletion of water resources 
3 )  Publ ic and private sector resource management performance. 
With the rapid development of domestic, industrial ,  and agricultural water 
suppl ies, conventional water resources have been seriously depleted. The scarcity of 
natural water resources and the growing gap between demand and supply of potable water 
in most of the UAE forced the government to face the water chal lenge with wise pol icies 
and decisions. The government realizes that the situation goes behind j ust a gap in  water 
q uantity and needs to be seen in the context of emerging environmental problems 
(Uncowr 2003 ). 
Moreover, there has been an increasing concern in the UAE about the 
development of the water sectors and the efficient uti l ization of the water resources for 
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sustainable water de elopment. Uncon entional water resources uch as water 
desalination and effluent water reuse gained increasing role in the planning and 
development of addit ional water uppJie . 
orne detai ls the chal lenges of UAE water resources, specifical ly: 
A- Limited water resources 
B- Inefficient water use 
C- Groundwater exploitat ion 
D- Water quality deterioration 
E- Inefficient water management and lack of comprehensive water planning. 
The Arabian Gulf region has the lowest per capita avai labi l ity of water in the world and 
one of the fastest growing populations. Fortunately, many of the states in the region have 
the financial resources to develop solutions to solve their projected water shortage 
problem. Desalination plants, built through private enterprise, are recognized as a solution 
to the current and projected water shortages. Most of the Arab countries inc luding GCC 
countries suffer from the shortage of potable water resources. UAE has one of the lowest 
natural renewable water resources. There is imm ense water demand due to infrastructure 
development and tourism. 
Like other GCC countries, the water resources of the UAE are l imited and scare. 
UAE is located in an area where the prevai l ing c l imate is arid. The avai labi l ity of 
adequate water has major impact on the socio-economic development of any country. The 
proper assessment, planning and development of water resources are key elements in 
social and economic development of the country. Improper management and planning of 
water resources either because of lack of data or inadequate studies have often resulted in 
over development, water quality deterioration and water supply problems in many areas. 
Moreover, since some of more important water resources and aquifers are shared between 
different regions, lack of cooperation and exchange of information have been a significant 
constraint in their planning, development and management. 
The review of existing hydrological and hydro geological information and 
publ ished reports and their systematic compi lation in map form should greatly assist in 
the assessment of the water resources in the UAE particularly Ajman. UAE demand for 
water could only be achieved by rational izing water consumption and i ts sustainable 
management. Since the transit labor and tourist population are major consumers of water 
in the Emirates, the rate of consumption may outpace the actual population growth rate. 
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Historical l  , a l l  the UAE's water requirements were met from groundwater 
obtained from shal low, hand-dug wel l s  and the traditional falaj system of aquifers. Over 
the past two decades rapid economic de elopment, coupled with steep population 
increases and a push to achie e self- ufficienc in food suppl ies, have placed ever­
increasing pressure on the AE's preciou natural water resources. This is a real 
chal lenge for a country with no ri ers and l i ttle rainfal l .  
1 .4. Water Resou rces in Aj man 
The growth in water demand is expected to be more dramatic in coming years. Ajman is 
facing shortage of water in each summer season because it is unable to meet the 
tremendous demands of ongoing project l ike emirates city, city tower, Al Ameera city, 
Hal lew new c ity. Many commercial, industrial and residential projects are in execution as 
wel l  as feasibi l ity stage which c louds the forecast ing procedure and make it more 
unpredictable. 
Ajman infrastructure is under the stress of population growth, huge increase in the 
number of tourists and rampant economic development. Such stresses on it l imited water 
resources are posing serious threats to its sustainable development. The authorities in 
Ajman emirate are concerned about finding sufficient water for each person l iv ing in the 
emirate and have great anxiety about how the l imited water wi l l  meet the high water 
demands due to the rapidly expanding economic activities. 
I mminent shortage of water resources in the emirate has been compounded by the 
real estate boom, with new construction projects taking a larger share of resources. This is 
alarming since this region is already the driest in the world. The Gulf remains the largest 
market for water desal ination in the world and local municipal ities are seriously 
examining ways to double the existing capacity to meet regional demand. 
1.5. Objective and Scope of the Study 
The management of water resources in any given area requires the avai lab i l ity of al l 
related data, inc luding among others, rainfal l  records, aquifers dimensions and 
parameters, type of aquifers, groundwater levels, layout of water distribution networks, 
location and capacity of desal ination plants and so on. Some of the data are time­
independent whi le  others are time-dependent. Time-independent data inc lude the 
geometric d imensions of aquifers, hydro geological parameters, layout of the distribution 
networks, locations of desal ination plants and so on. Time-dependent data include, among 
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others, groundwater levels, water quality parameters, and water consumption and 
demands. uch di erse data and information can only be managed and analyzed through 
Geographical Information terns (GI ) databases. 
The GIS database wi l l  pro ide the needed support for decision making proces . 
The developed GI database of water resources in Ajman might be regarded as a model 
to GIS databases in the other Emirate . Water resources databases in the different 
emirates can then be integrated to de elop a national database. 
The study attempted to de elop an integrated and versat i le system to handle  t ime­
expanding water resources related data; It can be used as a powerful tool by decision 
makers to perform a global "at a glance" updated appraisal of resource conditions via 
theme databases and maps. 
Many uti l ities are increasingly real izing the advantages to using GIS to perform 
day-to-day functions, such as operations, maintenance and customer service. Perhaps 
more importantly, uti l i ties are using GIS to make better decisions, analyze their existing 
and potential customer base and plan for future expansion. 
The speci fic obj ectives inc luded: 
- Col lection of the avai lable data and information related to water resources in  Ajman. 
- Update the time dependent data such as groundwater levels, rainfal l water demands, 
and others. Most of the data was col lected from the field. 
- Reviewing assessment and analyses of the avai lable information was done using the 
advanced tools  of GIS software (Arc view or Arc GIS) 
Development of a GIS database for Water Resources in Ajman encompassmg al l  
relevant information. This al lows a better assessment of the water resources in  Ajman. 
- Analyses of the data and development of various maps related to water resources 
avai labil ity and potential ity using the GIS system has been done. 
1.6. Organ ization of Thesis 
This  thesis i s  composed of seven chapters. Chapter one elaborates the importance of 
water resources in west Asia, Arabian Peninsula, UAE and Ajman. The general and 
specific obj ectives of the study are elaborated. 
Chapter two has been devoted to use of GIS in water resource management. It 
reviews the GIS help in integration of multiple data and assist in decision making. 
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Chapter three includes the geological and h drological aspects of Ajman. Major 
water resources issue , History of ater re ources and need for mappmg in Ajman are 
described. Methodology of entering data in Arc G l  9 and G W W  software i s  discussed. 
Overview of chemical anal sis for Hal lew wel l s  
pol l ution in  Ajman are d i  cussed . 
presented. Factors of groundwater 
Chapter four elaborate the procedure of entering data in the attributes tables of 
the created layers in Arc Gr 9. 
Chapter five discus es the available desal ination plants their history and future 
prospects. Design capacities of Ajman sewage col lection system are discussed. 
Chapter si is devoted to forecasting water demands for Ajman. This chapter 
involves the forecast of water demands in Ajman Emirate up to 203 1 based on low 
demand and high demand with the help of SPSS software it considers the affects of 
groundwater qual ity deterioration because of no recharge and over pumping. 
Chapter seven inc ludes the summary of work completed in the thesis. The 
concl usion of study is presented and several recommendations for water resource 
management and future studies are proposed. 
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Chapter 2. U e of GIS i n  Water Re ou rce Management 
2. 1 .  Remote en ing and GI 
Remote ensing in 01 e gathering data and information about the physical "world" by 
detecting and measuring rad iation, partic les, and fields associated with objects located 
beyond the immediate vicinity of the sensor devices. Remote ensing is a technology for 
ampl ing electromagnetic rad iation to acquire and interpret non-immediate geospatial 
data from which to extract information about features, objects, and classes on the Earth's 
land surface, oceans, and atmosphere (and, where appl icable on the exteriors of other 
bodies in the solar system, or, in the broadest framework, celestial bodies such as stars 
and gal axies) (Canada centre of remote sensing 1 997). 
Over the past two decades, a new systematic approach to gathering, storing, and 
manipulating the different information types, with the objective of analyzing the tasks and 
making and implementing decisions, has become highly popular and widespread in use: 
this is the methodology intrinsic to what is known as GIS or Geographic information 
system. 
Geographic Information System (GIS)  is a computer based information system 
used to digita l ly  represent and analyze the geographic features present on the Earth 
surface and the events (non-spatial attributes l inked to the geography under study) that 
taking p lace on it. The meaning to represent digital ly is to convert analog (smooth l ine) 
into a digital form. 
"Every object present on the earth can be geo-referenced" ,  is the fundamental key 
of associating any database to GIS. Here, term 'database' is a col lection of information 
about things and their relationship to each other and 'geo-referencing' refers to the 
location of a layer or coverage in space defined by the co-ordinate referencing system. 
Work on GIS  began in late 1 950s, but fi rst GIS software came only in late 1 970s 
from the lab of the ESRI .  Canada was the pioneer in the development of GIS  as a result of 
innovations dating back to early 1 960s. Much of the credit for the early development of 
GIS  goes to Roger Toml inson. Evolution of GIS has transformed and revolutionized the 
way in which planners, engineers and managers conduct the database management and 
analysis. The early mission of ESRl  focused on the principles of organizing and analyzing 
geographic information. ESRI projects included developing plans for rebui lding the city 
of Baltimore, M aryland and assisting Mobil oi l  in selecting a site for the new town of 
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Reston, Virginia. From these early projects emerged concepts for processes and tools that 
could be appl ied in an automated environment (E RJ 2008). 
During the 1 980s E RJ devoted its resources to developing a core set of 
appl ication tools that could be appl ied in a computer en ironment to create a geographic 
information sy tern (GI ).Thi i what i known today as GIS technology. In  1 98 1 ,  ESRI 
launched its fir t commercial G l  software cal led Arc/Info. It combined computer display 
geographic feature , such as points, l ines, and polygons, with a database management tool 
for assigning attributes to these features. 
In 1 990, E RI grew with the release of Arc view easy to learn desktop mapping 
tool .  ESRI also launched the Arc Data program, designed to promote the pub l ishing of 
commercial off-the-shelf  high qual ity datasets to help users quickly build and grow their 
GIS appl ications. Arc Cad software, also released in 1 992, which made GIS tools 
available in the Cad en i ronment. 
In 1 994, ESRI addressed the needs of business-to business market with Arc SDE, 
which al lowed the storage of spatial and tabular data in commercial DBMS products. Arc 
Info for Windows NT also released in 1 995.  
Arc Info 8 was released in December, 1 999. In Apri l 200 1 ,  ESRI released Arc 
GIS  8 . 1 ,  a fami ly of software products that forms a complete GIS  bui l t  on industry 
standards providing exceptional yet easy to use capabi l ities. In May 2004, ESRI released 
Arc GIS  9, which is a scalable system for geographic data creation, management, 
integration, analysis and dissemination for every organization from an individual to a 
global l y  distributed network of people (ESRI 2008). 
2.2. Definitions of G I S  
A G I S  i s  a n  information system designed to work with data referenced b y  spatial / 
geographical coordinates. In other words, G I S  is both a database system with specific 
capabi l ities for spatia l ly  referenced data as wel l  as a set of operations for working with 
the data. I t  may also be considered as a higher order map. GIS technology integrates 
common database operations such as query and statistical analysis with the unique 
visual ization and geographic analysis benefits offered by maps. These abi l ities distinguish 
GIS from other information systems and make it valuable to a wide range of public and 
private enterprises for explaining events, predicting outcomes, and planning strategies. 
(ESRI 2008)  
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G I S  is a computer based stem which is used to digitally reproduce and analyze 
the feature present on earth surface and the events that take place on it .  In the l ight of the 
fact that almost 70% of the data ha geographical reference as its denominator, it becomes 
imperative to underl ine the importance of a system which can represent the given data 
geographical ly.  
GIS can be understood by the help of various definitions given below:-
A GIS  is a computer-based tool for mapping and analyzing things that exist and 
events that happen on earth (Gl  Development 2008). 
Burrough ( 1 986) defined GIS  as, "Set of tools for col lecting, storing, retrieving at 
wi l l ,  transforming and displaying spatial data from the real world for a particular set of 
purposes". 
Arnoff ( 1 989) defined G I S  as a computer based system that provides four sets of 
capabi l ities to handle geo-referenced data: 
- Data input 
- Data management (data storage and retrieval) 
- manipulation and analysis 
- Data output. 
Hence G I S  is looked upon as a tool to assist in decision-making and management of 
attributes that needs to be analyzed spatial ly. Maps have been used for thousands of years, 
but it is only within the last few decades that the technology has existed to combine maps 
with computer graphics and databases to create geographic information systems or G IS .  
G IS  is  used to display and analyze spatial data which are tied to  a relat ional database. 
This connection is what gives G I S  its power maps can be drawn from the database and 
data can be referenced from the maps. When a database is updated, the associated map 
can be dynamical ly updated as wel l .  G I S  databases include a wide variety of information: 
geographic, social,  pol itical , environmental,  and demographic. 
2.3. I mportance and Benefits of G I S  
M any professionals such as engineers, foresters, agriculturists, urban planners, and 
geologists, have recognized the importance of spatial dimensions in organizing and 
analyzing information. Whether a discipl ine is concerned with the very practical aspects 
of business, or is concerned with purely academic research, geographic information 
system can introduce a perspective, which can provide valuable insights as 70% of the 
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information has geographic location a it denominator making spatial analysis an 
es ential tool .  
The geographic information system ha been an effective tool for implementation 
and monitoring of municipal infrastructure. The u e of GIS has been in vogue primari l 
due to the fol lowing ad antages: 
i. Project plan ning: Ad antage of G1 is often found in detai led planning of project 
having a large spatial component, where analy is of the problem is a pre requisite at the 
start of the project. Thematic maps generation is possible on one or more than one base 
maps, e ample:  the generation of a land use map on the basis of a soi l  composition, 
vegetation and topography. The unique combination of certain features faci l itates the 
creation of such thematic maps. With the various modules within GIS it is possible to 
calculate surface, length, width and distance. 
ii. Decision making: The adage "better i nformation leads to better decisions" is as true 
for G I S  as it is for other information systems. A GIS,  however, is not an automated 
decision making system but a tool to query, analyze, and map data in support of the 
decision making process. GIS technology has been used to assist in tasks such as 
presenting information at planning inquiries, helping resolve in territorial disputes, and 
citing pylons in such a way as to minimize visual intrusion. 
i i i .  Mu l tiple uses of GIS: Digital Terrain Model ing (DTM) is an important uti l ity of GIS .  
Usi ng DTMl3 D model ing, landscape can be better visual ized, leading to a better 
understanding of certain relations in the landscape. Many relevant calculations, such as 
(potential) l akes and water volumes, soi l erosion volume (Example: l andsl ides), quantities 
of earth to be moved (channels, dams roads, embankments, land leveling) and 
hydrological model ing becomes easier. 
Not only in the previously mentioned fields but also in the social sciences GIS can 
prove extremely  useful .  Besides the process of formulating scenarios for an 
environmental impact assessment, GIS can be a valuable tool for sociologists to analyze 
administrative data such as population distribution, market local ization and other related 
features. 
iv. Organizational integration: Many organizations that have implemented a GIS  have 
found that one of its main benefits is improved management of their own organization 
and resources. Because GIS has the abi l ity to l ink data sets together by geography, it 
faci l itates interdepartmental information sharing and communication. By creating a 
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shared databa e one department can benefit from the work of another-data can be 
col lected once and used many times. 
As conununicat ion increa es among indi iduals and departments, redundancy is 
reduced producti it is enhanced, and overal l  organizat ional efficiency is improved. 
Thus, in a uti l ity company the cu tomer and infrastructure databases can be integrated so 
that when there is planned maintenance, affected people can be infonned by computer­
generated letter . 
2.4. Phi losophy and Components of G I S  
The pro l iferation o f  GI i s  explained by its unique abi l ity to assimi late data from widely 
di ergent sources, to analyze trends over time, and to spatial ly evaluate impacts caused 
by development. 
For an experienced analyst, GIS is an extension one's own analytical thinking. The 
system has no in-built solutions for any spatial problems; it depends upon the analyst. 
Before the GIS  implementation is  considered the objectives, both inunediate and long 
tenn, have to be considered. Since the effectiveness and efficiency ( i .e .  benefit against 
cost) of the GIS wi l l  depend largely on the quality of initial field data captured, 
organizational design has to be decided upon to maintain this data continuously. This 
initial data capture is  most important. 
G IS  constitutes of five key components: 
i .  Hardware: I t  consists of the computer system on which the GIS  software wi l l  run. The 
choice of hardware system range from 300MHz personal computer to super computers 
having capab i l i ty in tera flops. The computer fonns the backbone of the GIS hardware, 
which gets its input through the scanner or a digitizer board. Scanner converts a picture 
into a digital i mage for further processing. The output of scanner can be stored in many 
formats e .g. TIFF, BMP, JPG etc. A digitizer board is flat board used for vectorisation of 
a given map objects. Printers and plotters are the most conunon output devices for a GIS 
hardware setup. 
ii. Software: GIS  software provides the functions and tools needed to store, analyze, and 
display geographic infonnation. GIS soft wares in use are MapInfo, Arc/Info, Auto Cad 
map etc. The software avai lable can be said to be appl ication specific.  When the low cost 
GIS work is to be carried out desktop Mapinfo is the suitable option. It is easy to use and 
supports many GIS  feature. If the user intends to carry out extensive analysis on GIS, 
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ArclInfo is the preferred option. For the people using Auto Cad and wi l l ing to step into 
GIS, Auto Cad Map is a good option. 
i i i. Data : Geographic data and related tabular data can be col lected in-house or purchased 
from a commercial data provider. The digital map forms the basic data input for GIS .  
Tabular data related to the map objects can also be attached to the digital data. A GIS  wi l l  
integrate patial data with other data re ources and can even use a DBMS, used by most 
organization to maintain their data, to manage spatial data. 
iv. People and method : GIS  users range from technical specialists who design and 
maintain the system to those who use it to help them perform their everyday work, the 
people who use G I S  can be broad ly classified into two classes. The Cad/GIS operator, 
whose work is to vectorise the map objects. The use of this vectorised data to perform 
query, analysis or any other work is the responsibi l i ty of a GIS  engineer/user. 
And above all a successful G IS  operates according to a wel l-designed plan and 
business rules which are the models and operating practices unique to each organization. 
There are various techniques used for map creation and further usage for any project. The 
map creation can either be automated raster to vector creator or it can be manually 
vectorised using the scanned images. The source of these digital maps can be either map 
prepared by any survey agency or satel l ite imagery 
2.5. GIS Applications 
Computerized mapping and spatial analysis have been developed simultaneously 
in  several related fields. The present status would not have been achieved without close 
interaction between various fields such as ut i l ity networks, cadastral mapping, 
topographic mapping, thematic cartography, surveying and photogrametery remote 
sensing, i mage processing, computer science, rural and urban planning, earth science, and 
geography. 
The GIS technology is rapidly becoming a standard tool for management of 
natural resources. The effective use of large spatial data volumes is dependent upon the 
existence of an efficient geographic handl ing and processing system to transform this data 
into usable information. 
The G I S  technology IS  used to assist decision-makers by indicating varIOUS 
alternatives in development and conservation planning and by model ing the potential 
outcomes of a series of scenarios. I t  should be noted that any task begins and ends with 
the real world.  Data is collected about the real world. The product is an abstraction, it is 
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not possible and not de ired) to handle e ery last detai l .  After the data are analyzed, 
information is compi led for deci ion-makers. Based on this information actions are taken 
and p lans implemented in the real world. 
Major areas of appl ication 
i. Different streams of plann ing: Urban planning housing, transportation, planning, 
architectural conservation, urban design and landscape. 
ii. Street network based application:  It is an addressed matched appl ication, vehicle 
routing and schedul ing, location, site selection and disaster planning. 
ii. Natural  resource based application: Management and environmental impact analysis 
of wi ld and scenic recreational resources, flood plain, wetlands, aquifers, forests, and 
wi ld l ife. 
iv. View shed analysis: Hazardous or to ic factories siting and groundwater model ing 
Wi ld l i fe habitat study and migrational route planning. 
v. Land parcel based : Zoning, sub-division plans review, land acquisition, environment 
impact analysis, nature qual ity management and maintenance etc. 
vi. Faci li ties management and util ities appl ication :  Can locate underground pipe and 
cables for maintenance, planning, tracking use. 
2.5. 1 .  GIS use in water util ity 
Organizations and uti l ities are performing more efficiently through the use of GIS .  
For example, when a customer cal l s  in with a question or  complaint, staff can punch up 
the customer' s  address and zoom to the address on the screen in a matter of seconds. 
Information such as where the nearest main l ine is, its diameter, any recent breaks, etc . ,  
can a l l  be brought up instantaneously. Thus, a staff member can evaluate the customer's 
situation rapidly and serve the customer better. Customer service is j ust one way in which 
GIS  has become a valuable too l .  I t  is also fac i l itating endeavors in operations, 
maintenance, planning emergency response, and technical service. As the use of GIS 
becomes more widespread in a uti l ity, it is very easy to communicate better with other 
local departments, external organizations, and the general publ ic .  
2.5.2. In tegration of remotely sensed data into GIS 
Remote sensing and its associated image processing technology provide access to spatial 
and temporal information on water shed, regional , continental and global scales. Effective 
uti lization of this large spatial data volume is dependent upon existence of an efficient, 
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geographic handl ing and processmg s stem that wi l l  transform these data into usable 
information. A major tool for handl ing spatial data is the GIS. 
G 1  provides appropriate methods for efficient storage, retrieval, manipulation 
analysis and display of large volumes of spatial ly referenced data which is visible in 
(Figure 2. 1 ). GIS consists of four basic components: data input and editing, storage of 
geographic data bases, data analysis and spatial model ing, and data visual ization and 
presentation. The data can be col lected from field work, extraction of map data, air photo 
interpretation, and interpretation and classification of remotely sensed images. Data input 
may be carried out by manual digitization or computer assisted semi automatic methods. 
Col lected data are then organized into a series of spatial ly geo-registered layers, with each 
layer relating to a particular theme ( e .g. Soi ls, vegetation, geology, topography, pipe, 
land sectors etc) or a set of la ers relating to temporal variation of a theme ( e.g. changes 
in land-use or variation of soi l  moisture etc). Data input and editing (i .e .  to correct 
digitizing errors, establ ishing topological re lationships etc) are the most time-consuming 
and labor intensive tasks. Data analysis and spatial model ing capabi l ity are the most 
important characteristics of a GIS .  
--- Soc ial Factors 
Biod ivers ity 
Engineering 
--- La nd Use 
Figure 2. 1 .  GIS is a tool to see the whole  
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Chapter 3. Geology and Hyd rogeology of the tudy Area 
3. 1 .  Geology of Aj man 
United Arab Emirates is comprised of seven emirates with a total area of about 83 .600 
km2 lying between latitudes appro imately 22° and 26° N', and longitudes 5 1  ° and 56° E 
(Figure 3 . 1 ) . Ajman l ies on the southern Arabian Gulf. Ajrnan Emirate is the smal lest 
among seven emirates consti tuting the UAE. 
Figure 3. 1 .  Location of UAE in the world and Aj man in the Arabian 
Gulf (Jones and Salman 2007) 
Ajman city is located on the eastern coast of the Arabian Gulf  (Figure 3 .2), 
covering an area of 1 40 km2 • About 45% of the city is urbanized and the remaining land 
is vacant with a few farming areas on the eastern side of the emirates road (Figure 3 .3 and 
Table  3 . 1 ). Ajman city has an 8 krn coastl ine broken by the deep indentation of Ajman 
creek, which has been extended and developed as a port. The southern arm of the creek 
continues inland for 5 km. Ajman area is dominated by quaternary sand and gravel 
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rangmg m age from the Pleistocene to Holocene. The geologic units are discussed in 
detai l s  by the Kansas Geological Survey ( 1 990) and i l l ustrated in (Figure 3 .4) .  These 
sediments constitute the main aquifer in the western region of the UAE (Rizk et al .  1 997). 
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Figure 3.3. Land use map for Ajman, based on data from the planning department 
of Aj man Municipal ity, ( Kansas Geological Survey 1 990) 
Table 3. 1 .  Land use in Ajman, traced and calculated from 
sate l l ite images (AI-Hogaraty et aI .  2008) 
No Land Use Area ( K m2) % of A rea 
I Government 1 2 .90 9 
2 Open space 25 .06 1 8  
3 Commercial 1 .65 I 
4 Residential 32. 1 2  23 
5 Industrial 20. 1 3  1 4  
6 Wet land 2.9 2 
7 Agriculture 8 .03 6 
8 Undeveloped Area 39.88 26 
Tota l  A rea 1 42.67 1 00 
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Figure 3.4. Geologic map of Ajman modified from the geologic map of UAE 
(Kansas Geological Survey 1 990) 
The terrain of UAE shows different characteri stics between the western and 
eastern regions. The western region is mainly comprised of low plains with the highest 
elevation at 1 50 m to 250 m, while the eastern region is dominated by mountain ridges 
with a maximum elevation of 1 500 m, and with a number of desiccated wadis. Especially 
along wadis Al Basseirah, Bih and Ham, a deep val ley is formed. In terms of 
morphological characteristics, two regions: ( 1 )  an eastern mountain region with a sub­
mountainous zone of outwash plains and (2) a western desert region divided into a coastal 
belt and inland desert. 
Ajman l ies in the western desert region; an al luvial belt  (cal led the Bahada Plain) 
separates the mountains from the Aeol ian sands of the western dune country. I t  i s  called 
the J iri plain in the north and subsequent sub-divisions southwards are known as Dhaid, 
Gharif and Madam. The dunes in Aj man are divided into two according to origin :  ( i)  
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those found along the coast are composed of white carbonate sands formed from 
fragments of marine shel l ;  ( i i )  those found inland, which are red and formed of weathered 
quartz rocks. The major aquifers in UAB are shown in the (Figure 3 .5 ). 
A 
I Northern l imestone aquifer 
I!!I!II Ophiolite aquifer 
�'ml Eastern gravel aquifer 
I Western gravel aquifer 
---1 Sand dune aquifer 
I!!I!II Coastal sabkhas 
Arabian Gulf 
ARABIA 
U N IT E D  ARAB 
E M I RATES 
Figure 3.5. Geologic map of the UAB showing the main aquifers 
( Rizk et al .  1 997) 
3.2. Cl imate and Hydrogeology 
OMAN 
SO km 
The UAB is an arid country with a long hot summer and a short mild winter. The 
combination of high temperature, low humidity and long hours of sunshine leads to 
extremely high evaporation rates and the absence of surface water (AI Asam 1 996). 
(Figure 3 .6) i l lustrates the monthly values of air temperature, relative humidity, rainfal l 
and evaporation at Ajman. But, the fol lowing discussion wil l  be l imited to the 
evaporation and rainfall  because of their direct relevance to groundwater pol lution. The 
annual average pan evaporation in Ajman city is 9 .8  mmJday (Rizk and Garamoon 2006). 
Rainfall in Ajman emirate is rare, sporadic and highly irregular exhibiting wide variation 
in space and t ime, depending on the cl imatic conditions, geographic location, local 
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topography and rainfall driving mechanism. The principal rain fal ls between November 
and March, with the rna imum intensity during February. The mean annual rainfall for 
Ajman emirate is 1 20 mm (Rizk and E I-Etr 1 998).  
Ajman emirate general I has a hyper arid cl imate characterized by a prolonged 
dry summer period of ery high temperatures between Apri l - November and a winter 
period between December and March of mild to warm temperatures with slight rainfal l .  
Ajman has a hot desert c l imate with high temperatures and infrequent i rregular 
low rainfal l .  It has two seasons a long dry summer with very high temperatures between 
Apri l and November and a winter period between December and March, of mi ld to warm 
temperatures and a sl ight to moderate rainfal l .  Summer mean temperatures across the 
country reaches 3 5°C in July, whi le the average monthly rainfall in the same month is 2 
mm. January is  the coolest month with a national average temperature of 1 8°C; February 
is the wettest month with an average monthly rainfal l of 42mm. The minimum 
temperature never goes below O°C in  winter, but the maximum temperature reaches more 
than 45°C in summer. In July, the hottest month of the year the temperature reaches up to 
50°C. Mean annual temperatures are more or less unifonn with slight local variations. 
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Figure 3.6. C limatic data of Ajman from year 1 960 to 2006 (Al-Hogaraty et al .  2008) 
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un h ine hour : The mean maximum sun hine hour appear in May with 1 1 . 5 hours 
and a mean minimum of 8.4 hours occurring in December. The skies are relatively c1oud­
free throughout the year (M W 2008). 
Relative humidity: The relati e humidity levels are higher along the Arabian Gulf coast 
and decrease south and ea tward . The mean annual relative humidity exceeds 60%.The 
variation in relati e humidity i e tremely high and ranges from 1 00% in early morning 
to 2% in late afternoon (MEW 2008) .  
Winds: The winds tend to be l ight or l ight to moderate and the mean annual wind speed 
is less than 1 0  knots. There is a tendency for winds to be stronger between March and 
August and predominant ly from the north-west and south or south-east. The strongest 
winds are felt along the Arabian Gulf coast, and the desert foreland, whi le the l ighter 
winds are in the interior (MEW 2008) .  
Rainfa l l :  In  the summer months, a north westerly flow of air develops over the Arabian 
Gulf in response to a trough of low pressure ( Indian Monsoon) across Pakistan and into 
I ran. This condition is known as the summer shamal and brings hot and dusty conditions 
to the emirate. Later in the summer, sea breezes become the dominant feature, but 
conditions are sti l l  very humid and hot. Local instabi lities can produce thunderstorms 
which usual ly provide l ight rainfal l .  July and August temperatures average around 3 5°C 
and average rainfall  is only about 2mm. 
The four winter months have unsettled weather and provide most of the rainfal l .  
The coolest month i s  January with an average o f  1 8°C and the wettest month i s  February, 
with an average rainfall  of 36mm. Rainfall is highly variable in time and space. Most of 
the rainfal l in winter occurs as a result of convergence zones caused by an upper level 
trough to the west of the Gulf area. Short, heavy rainfall produces the best opportunities 
for aquifer recharge. 
Some of the rainfal l occurs as a result of thermal disturbances originating from the 
Mediterranean Sea. During the winter strong north westerly winds (sham a!) are a regular 
Feature bri nging colder air from the Persian Gulf and Syria. An estimate of 1 00mmJyr has 
been shown to be required in order to activate sufficient runoff to cause aquifer recharge 
(Dincer et al .  1 974). 
A lmost 90% of annual rain fal ls  during winter and spring and the wettest months 
are usual ly February and March where 60% of the rainfall is recorded. Summer witnesses 
only a few monsoon rainfalls. The evaporation rates exceed rainfall  totals  al l  over Ajman. 
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The quaternary sand at Aj man form unconfined, water table aquifer directly connected to 
the atmosphere, hich make it u ceptible to pol lution (Al-Hogaraty et al . 2008). 
3.3. Groundwater Chemistry 
The groundwater levels in Ajman are given in (Figure 3 . 7). Chemical analysis of Hal lew 
groundwater wel l s  wa done from the Quaternary sand aquifer at Hal lew area which is the 
main raw water supply to Aj man RO plant and Hal lew RO plant. The plants are operated 
by the Federal Electricity and water Authority ( FEW A). Deterioration of groundwater 
qual i ty occurs in the aquifer under Hal lew area due to both natural and anthropogenic 
factors. 
Field-measured parameters groundwater in the quaternary sand aquifer in the 
north of the UAE, inc luding the study area, becomes gradual ly more sal ine as it moves 
from the main recharge area, the Northern Oman Mountains, in the east towards the main 
d ischarge area, the Arabian Gulf, in the west (Rizk et al. 1 997, Rizk and EI-Etr 1 998, 
Alsharhan et al .  200 1 ) . The iso-sal inity contour map reveals that groundwater in Ajman 
city is brackish in the east to sal ine in the west (Figure 3 .8 ), which makes it unfit for use 
prior treatment. Groundwater sal inity in the Hal lew wel l  field (57 wel ls) on the eastern 
side of emirates road ranges from 3 269 to 5 2 1 3  mg/l and averages 4 1 73 mg/I .  However, 
despite i ts relatively high sal inity, groundwater in this area has the best avai lable qual ity 
in Ajman. On the western side of emirates road groundwater sal inity steadi ly rises from 
east to west, in  the direction of groundwater flow. 
26 
x' 
2S' . ' �  , .•••• Depth to groundwater contour line ( m )  
35" � Hydraulic head contour line e m )  
55' 15' 5S" so' 
55' 55' 56' 0
0' 




Figure 3.7. Map showing groundwater contour l ines in Ajrnan aquifer 
(AI-Hogaraty et al. 2008) 
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3.4. G roundwater Quality and De a l ination Plant of Aj man 
The master plan for Ajman emirate cal ls for expansion of existing desalination plant and 
instal lation of additional ones in the future in order to meet the increasing demands for 
domestic water. 
In the RO technology, both the performance and the service l ife of membranes 
depend heavi ly upon the qual ity of feed water (ESCWA 200 1 ,  2005) .  The RO 
desalination plants operating in Ajman are run with poor-qual i ty feed water, which causes 
buildup of precipitates and exten ive damage to membrane integrity. For this reason, the 
present capacities of desal ination plants are lower than their initial designed capacities 
due to water quality problems. Costly pre-treatment is made to enhance plant capacity and 
extend the service l ife of membranes (Dolatyar and Gray 2000). 
A verage groundwater hardness at Hal lew area (894 mg/I)  in the eastern part of 
Ajman city .Aj man desal ination plants are suffering from membrane foul ing due to the 
high concentrations of metals (Fe and Mn), salts (CaS04, CaC03, BaS04 and SrS04) and 
suspended sol ids (Al Mutaz and Al Sultan 1 997). Membrane fouling causes plugging of 
membrane pores by part iculates ( Dabbagh et al . 1 994). The average concentrations of Pb 
(OAO mg/l) and Cd (0.08 mg/l) in feed water are eight times higher than the 
recommended concentrations of Pb (0.05 mg/I) and Cd (0. 0 1  mg/I). 
3.5. M ajor Water Resources I ssues in  Aj man 
The lack of the renewable freshwater resources in Ajman emirate constitutes a major 
deterrent to its sustainable development. On the other hand, growing population, rising 
standard of l iv ing, and expanding opportunities exert increasing demands for varied needs 
for freshwater in the emirate. These needs may be domestic, agricultural and forestry, 
industrial inc luding oi l  and gas extraction, waste disposal power generation, recreational , 
and so on. To meet demands for water for a multitude of such needs is a continuing 
struggle. Proper planning and management of the l imited avai lable water resources in the 
Ajrnan emirate is essential to maintain the current development and economic boom in 
the various sectors of the emirate. The emirate is ,  therefore, faced with enormous 
chal lenges to provide potable water for various needs. 
Due to the tremendous increase in  the l iving standards in the emirates over the last 
2-3 decades, the per capita consumption of freshwater has reached very high levels which 
by far exceed the average rates. Meanwhi le, the per capita share of renewable freshwater 
(not i nc luding the Desalinated water) in the emirate has dropped significantly  due to 
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burgeoning population and the attendant increasing need for water. Notwithstanding these 
se ere shortages, water continues to be used unwi ely, wasted and pol luted . Insufficient 
ater at the right place at the right time with the right quality requires, more than ever 
before, impro ed management, efficient ut i l ization, and increased conservation of l imited 
freshwater resources in the emirate . These demands can only be met if water resources 
are conserved, planned and properly managed. 
The main reasons for the water shortage problem in Ajman emirate are related, in 
someway or the other, to the fol lowing: 
- Rapid increase in water demands in the various water consumption sectors to cope 
with the booming economy and industrial development in Ajman emirate. The per 
capita share of freshwater consumption has tripled during the last three decades. 
- The average annual precipitat ion over UAE and the Ajman emirate has reached i ts 
lowest levels during the last 1 0  years. This might be associated with the global 
warming Phenomenon. As a result, the natural recharge of groundwater systems in the 
emirate was almost absent. 
- Deterioration of groundwater both quantitatively and qual i tatively due to the 
excessive pumping mainly to meet the demands. 
S low transfer of technologies from appl ied research to practice, due to miss 
coordination and poor networking among stakeholders. The gap between the 
developments in sciences related to water conservation techniques and application of 
the technology is sti l l  huge. 
- Absence of integrated water resources management approach and practices. Long­
tenn Strategies for water planning, management and conservation are not in place. 
- Low water use efficiency and high water losses in the water distribution systems. The 
leakage from the distribution networks hHS never been properly assessed. The lack of 
maintenance and rehabi l itation programs to improve and maintain system 
perfonnance at the highest possible level has contributed to the severity of this 
problem. 
Shortage of avai lable funds for water development and conservation projects. Water 
projects are usual ly  massive and require high investments. On the other hand, 
economic returns of water development and conservation projects are general ly low 
as compared to other investment sectors. 
- Difficulties in changing the unfavorable social habits and attitudes towards water uses 
and conservation. This is mainly due to poor publ ic awareness programs in the 
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emirate . The education curriculum at primary and elementary schools do not address 
water conservation in a proper manner. 
The fol lowing major water management issues ha e been identified in developing 
a water resources management strateg and action plan for the emirate of Ajman: 
3.5. 1 .  Water use: pol icy, planning and regu lation 
- Reduction in quantit and quality of groundwater through over-abstraction, resulting 
in sal inization of land, reduction in crop yield and abandonment of farms. 
- Little or no effort to manage the demands for water in agriCUlture sector 
- Lack of recognition of the true economic cost of water when assigning i ts use 
- Uncontro l led and un-regulated wel l  dri l l ing, leading to dry wel ls and wasted 
Resources protection, conservation and monitoring of water resources 
- Lack of a coordinated emirate-wide water resources monitoring network and program 
- Lack of groundwater protection pol icies, e.g. no protection zones for municipal wel l  
fields that sti l l  produce drinking water 
- I ncomplete records, l itt le on-site monitoring or measurement of water resources, 
especial l y  whi lst dri l l ing new wel ls, and lack of inventories on sources and demands 
- Lack of qual ified, technical on-site supervision, monitoring and data col lection 
d uring dri l l i ng and general water resources monitoring 
- General waste of water and leakages and water data and information management 
- Non-availabi l ity or poor access to water resources information and data, and lack of a 
central ,  emirate-wide database to hold and analyze water resources data and 
information 
- No wel l  i nventory, poor data col lection when dri l l ing wel ls  
3.5.2. Coord ination of groundwater exploration and assessment 
- Need for expansion of groundwater explorat ion programs, especial ly  for deeper 
aquifer potential 
- Lack of coordination and collaboration between existing groundwater exploration and 
assessment programs. 
- Little or no technical cooperation with neighboring emirates and countries, especial ly  
on developments on or  near to the international boundaries. 
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3.5.3. trategic emergency water re ource 
o de eloped trategic re erve of p tabl qual it ater in ca e of emergency current 
re erve for Ie than two da ) ( FEW A 2007) Common to the o lutIOn of mo t of the 
i sue and problem Ii ted abo e i the requirement for the establ i  hment of a central , 
independent authorit for ater management in Aj man emirate. 
UAE especiall Ajman i one of the mo t rapldl developing arid regions in the 
world, e pecial l with re pect to urbanization. The effects of urbanization on groundwater 
sy tern ha e continued to dra increa ed attention. The construction of buildings, roads, 
and ewer l ines greatl affect many factors of the water cycle, however, there have been 
no tudie conducted to e aluate the effect of rapid urbanization development on water 
resources, m term of quantit and qual ity. 
The produced wa tewater is untreated and not uti l ized in the emirate. It can be used in 
amenity plantations, road erge and parks u mg dripping or sprinkler i rrigation system. 
owadays precious groundwater is used for i rrigation of road verges and parks. 
3.6. History of FEW A Well Field a nd Groundwater Recharge 
Water is produced and suppl ied in Aj man by Federal Electricity and water Authority. 
FEW A is created in 1 990 and since its creation it is trying to fulfil l  the water and 
electricity requirements in the emirates under ministry 'S  j urisdiction and arranging 
construction of new projects to expand power generation and water production capacities, 
for efficient covering of increasing demand with the lowe t possible costs. 
FEW A is constantly upgrading its power generation and water production 
faci l i ties, such as power stations and distribution networks, in order to increase their 
capacity, prevent wasting and rational ize consumption. 
A l l  of the FEW A areas ha e wel l  water as one of the significant source of water 
supply. The central area (Dhaid, harjah)  and East Area "B" (Dibba, Fujairah) entire l  
depend on wel l  water and TRAN CO supply. I n  the year 1 99 1  the groundwater usage 
without desal ination process (direct into the distribution) was about 87% of the total 
water production which has reduced to about 37% in 2006. The dai ly  groundwater 
production was about 23 .00 M IGD (4356 m
3/hr), which has been raised to about 30.00 
M IG D  (5682 m
3/hr) in late 90's .  Since 2003 the dai ly abstraction was reduced from 27.00 
MIGD (5 1 1 4  m
3
/hr) to 1 8 .00 MIGD (34 1 0  m
3/hr) (FEWA 2007). 
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Ince A lack reliable urface ater re ource , it need to rei on groundwater 
to a certain degree and on de al inat lOn of eawater to meet the water demands. 
Continuous population growth, ri ing tandard of Ii lng, mega projects and expansion in 
indu trial acti itie have led to increa ed demand for potable water. 
Rain is the main ource for fre h groundwater recharge via percolation directly 
into bedrock and recharging the aquifer . Avai lable tati tics how that the amount of 
e apotran piration i more than 75% of the total annual rainfal l .  About 1 5% of the 
rainfal l occur a runoff to the ea lea ing onl 1 0% to recharge the aquifers. AbstractIOn 
of groundwater ha been more than a thou and mil lion mJ per year. Out of this 79% is 
non-renewable, re ulting in depletion / alination of aquifers. In  addition, there is no 
control on dri l l ing new ell  and no regulation on the ab traction rate of wel l  field water 
(Rizk and Alsharhan 2003).  
A pol ic for farms and plantation is an important and sensitive part of the master 
plan process with respect to consumption of valuable groundwater and the long-term 
potential for replacement with desal inated water. Additional ly, in this study it is assumed 
that in the long term, the landscaping and plantations suppl ied by wel l  fields under other 
administration such as works department or municipal i ty, not being under the 
administration of FEW A, shal l not be substituted by FEW A groundwater or desalinated 
water in future 
3.7. Need for Mapping in Ajman 
3.7. 1 .  Mapping 
Mapping constitutes an integral component of the process of managing land resources, 
and mapped information is the common product of analysis of remotely sensed data. 
atural features and manufactured infrastructures, such as transportation networks, urban 
areas and administrative boundaries can be presented patially with respect to referenced 
co-ordinate systems, which may then be combined with thematic information. Basel ine, 
thematic, and topographic maps are essential for planning evaluating, and monitoring, for 
mi l i tary or civi l ian reconnaissance, or land use management particularly if digitall y  
integrated i nto a geographic information system as an information base. Integrating 
e levation information is crucial to many appl ications and is often the key to the potential 
success of present day mapping programs. 
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ince UAE lacks rel iable surface water resources, it needs to rely on groundwater 
to a certain degree and on de alination of eawater to meet the water demands. 
Continuous population growth, rising standard of l iving, mega projects and expansion in 
industrial activities have led to increased demand for potable water. 
Rain is the main source for fresh groundwater recharge via percolation directly 
into bedrocks and recharging the aquifers. Available statistics show that the amount of 
evapotranspiration is more than 75% of the total annual rainfal l .  About 1 5% of the 
rainfal l occurs as runoff to the sea leaving only 1 0% to recharge the aquifers. Abstraction 
of groundwater has been more than a thousand mil lion m
3 
per year. Out of this 79% is 
non-renewable, resulting in depletion Isal ination of aquifers. In addition there is no 
control  on dri l l ing new wel ls and no regulations on the abstraction rate of wel l  field water 
CRizk and Alsharhan 2003).  
A policy for farms and plantation is an important and sensitive part of the master 
plan process with respect to consumption of valuable groundwater and the long-term 
potential for replacement with desalinated water. Additional ly in this study it is assumed 
that in the long term the landscaping and plantations suppl ied by well fields under other 
administration such as works department or municipality, not being under the 
administration of FEW A, shal l not be substituted by FEWA groundwater or desal inated 
water in future 
3.7. Need for Mapping in Aj man 
3.7. 1 .  Mapping 
Mapping constitutes an integral component of the process of managing land resources, 
and mapped information is the common product of analysis of remotely sensed data. 
Natural features and manufactured infrastructures such as transportation networks, urban 
areas, and administrative boundaries can be presented spatially with respect to referenced 
co-ordinate systems, which may then be combined with thematic information. Basel ine, 
thematic, and topographic maps are essential for planning, evaluating, and monitoring, for 
m i li tary or civi l ian reconnaissance, or land use management, particularly if d igital ly 
integrated into a geographic information system as an information base. I ntegrating 
elevation information is crucial to many appl ications and is often the key to the potential 
success of present day mapping programs. 
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3.7.2. Planimetry 
Planimetry consists of the identification and geo location of basic land cover (e.g. forest, 
marsh), drainage, and anthropogenic features (e .g. urban infrastructure, transportation 
networks) in the , y  plane. Planimetric mformation is general ly required for large-scale 
applicat ions - urban mapping, faci l i ties management, mil i tary reconnaissance, and general 
landscape information. 
Land surveying techniques accompanied by the use of a GPS can be used to meet 
rugh accuracy requirements, but l imitat ions include cost effectiveness, and difficulties in 
attempting to map large, or remote areas. Remote sensing provides a means of identifying 
and presenting planimetric data in convenient media and effic ient manner. Imagery is 
avai lable in varying scales to meet the requirements of many different users. Defense 
appl ications typify the scope of planimetry appl ications - extracting transportation route 
information, building and faci l ities locations, urban infrastructure, and general land cover. 
Concerns of the mapping community with regard to use of satel l i te data are spatial 
accuracy and the level of detai l of extractable information content. The concern for 
information content focuses not only on interpretabi l i ty of features, but on the abi l i ty to 
determine the correct spatial location of a feature. An example of the latter would be the 
difficulty associated with defining the centre of a river or precise location of a power l ine 
or pipel ine right-of-way in  vector format, when interpreting from a relatively coarse raster 
base. Spatial resolution is a critical e lement in this case. The turnaround time of one or 
two weeks wil l  generally meet the requirements for this type of mapping, although 
defense requirements may be more stringent. 
3.7.3. Topographic and basel ine thematic mapping 
There is a growing demand for digital databases of topograpruc and thematic information 
to faci l itate data integration and efficient updating of other spatially oriented data. 
Topographic maps consist of elevation contours and planimetric detai l of varied scale, 
and serve as general base information for civi l ian and mil i tary use. Basel ine thematic 
mapping ( BTM) is a d igital integration of satel l ite imagery, land use, land cover, and 
topographic data to produce an " image map" with contour l ines and vector planimetry 
information. This new concept of thematic mapping was developed to take advantage of 
improvements in digital processing and integration of spatial information, increased 
compatibi l i ty of multi source data sets, the wide use of GIS to synthesize information and 
execute analyses customized for the user, and increased abi l ity to present the data in 
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cartographic form. ( Figure 3 .9) describes multiple layers of data are merged over 
IKONO image of jman in Arc G J  9 showing Gr as a powerful tool .  
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Figure 3.9. Super imposed layers to show G I S  as a powerful tool 
The data for basel ine thematic maps are compi led from topographic, land cover, 
and infrastructure databases. Appropriate thematic information is superimposed on a base 
map, providing specific information for specific end users, such as resource managers. 
Various combinations of thematic information may be displayed to optimize the map 
i nformation for appl ication spec ific purposes, whether for land use allocation, uti l ity site 
selection and route planning, watershed management, or natural resource management 
and operations. 
As a base map, imagery provides anci l lary information to the extracted 
planimetric or thematic detai l .  Sensitivity to surface expression makes radar a useful tool 
for creating base maps and providing reconnaissance abi lities for hydrocarbon and 
mineralogical companies involved in exploration activities. This is particularly true in 
remote northern regions, where vegetation cover does not mask the micro topography and 
generally information may be sparse. 
M ultispectral imagery is excel lent for providing anci l lary land cover information, 
such as forest cover. Supplementing the optical data with the topographic rel ief and 
textural nuance inherent in radar imagery can create an extremely useful image composite 
product for interpretation. 
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3.8. G roundwater Source for Aj man 
Groundwater is an important OUIce of water for Ajman . It was the only source of 
freshwater before the construction of desal ination plants. Despite i ts  heavy uti l ization 
over the last 30 years, groundwater sti l l  provides the majority of the water source for 
Aj man Emirate. The aquifers developed to date are primari ly unconsolidated, quaternary 
sands and alluvium found at depths of general ly less than 50 - 1 00m below ground level .  
Groundwater generally originates as recharge from rainfal l  runoff in the eastern region 
and moves west and north- west towards the Arabian Gulf where it discharges into 
sabkhas and the sea (Al-Hogaraty et al . 2008). 
In order to ensure the avai labi l ity of sufficient quantity of good quality water, it  
becomes almost imperative in a modem society, to plan and build suitable water supply 
systems, which may provide potable water to the various sections of community in 
accordance with their demands and requirements. The updated water resources data and 
efficient water supply systems shal l further attract industries and there by helping in  
industrialization and modernization of the soc iety, consequently reducing unemployment 
and ensuring better l iving standards. Such schemes shal l ,  therefore help  in promoting 
wealth and welfare of the entire humanity as whole.  
3.8. 1 .  Study area for groundwater resou rces of Aj man 
Ajman is  situated on the western coast of the Arabian Gulf, extending over a distance of  
1 6  km l ong, between the emirates of Umm ul Quwain and Sharjah, Hal lew in Ajman 
emirate constitutes the major groundwater resource. It is located 1 0  km from Ajman c ity, 
at approximately 360947E - 28096 1 3N and 360283E - 2809072N ( Figure 3 . 1 0).  The 
Hal lew area covers about 1 8  square kilometers. Soil  texture is dominated by sand. Visible 
features are Ghaf and Acacia trees, sand dunes and farms. 
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Figure 3. 1 0. Location of study area for groundwater resources of Ajman 
3.8.2. G roundwater data col lection 
Because of l imited potable water resources in the city of Ajman, FEWA decide to expand 
its wel l  fields and dri l l  new wel ls .  FEW A had selected the location of the pumping field 
in the outskirts of Ajman, which is cal led Hal lew area. A total of 24 wel l s  were dri l led in 
the year of 1 990. As the Ajman population increased, the water demands have also 
increased. FEW A dri l led additional wel l s  in the same area to meet the demands. The total 
numbers of production wel l s  reached 57 wel ls in the year 2000. 
3.9. Data E ntry in Arc G IS 9 and G WW Software 
Data was col lected using a Magel lan GPS navigator. An excel spreadsheet was created 
with three columns; column 1 identifies the wel l  numbers, column 2 labeled as x which 
indicates eastern positions, whi le column 3 which labeled as y indicates the northern 
positions. (Table 3 .2) provides the col lected data. 
36 
Table 3.2. X and y coordinate of 57 wells in HaJ lew area 
No X- Coord inate Y -Coord inate 0 X- Coord inate Y -Coordinate 
1 360947 28096 1 3  30 360222 2809 1 27 
2 36 1 0 1 4 2809673 3 I 360333 2809 1 72 
3 36 1 065 2809734 32 360344 2809255 
4 36 1 1 07 280980 1 33 360405 2809066 
5 360877 280953 1 34 360368 2809357 
6 360828 2809458 35 360465 2809348 
7 360775 2809375 36 360403 2809442 
8 360687 2869295 37 359759 2809286 
9 360606 2809 1 84 38  35982 1 28093 1 7  
1 0  360534 2809 1 04 39 359882 28093 1 1  
1 1  360484 2808992 40 359959 2809202 
1 2  360375 2808880 4 1  359568 2809379 
1 3  36028 1 280876 1 42 359676 2809339 
1 4  360 1 4 1  2808788 43 359759 2809366 
1 5  360 1 85 2808922 44 360076 2809 1 79 
1 6  3603 1 9  2808997 45 360049 280927 1 
1 7  360588 2809356 46 360094 2809345 
1 8  36065 1 2809530 47 3602 1 2  2809332 
1 9  360730 280960 1 48 360290 280949 1 
20 360957 2809780 49 360222 2809627 
2 1  36 1 009 2809867 50 360230 28097 1 3  
22 36 1 224 2809923 5 1  360300 2809684 
23 359989 28088 1 3  52 360354 2809756 
24 360773 2809688 53 359840 2809402 
25 3609 1 5  2809860 54 359905 2809383 
26 360034 2808934 55 360824 2809809 
27 359908 2809044 56 360725 2809784 
28 359966 2809 1 22 57 360283 2809072 
29 360083 2809059 
The easting, northing, and well numbers columns are formatted as numbers. The 
excel sheet was saved as a DBF 4 (dBase IV)  file .  Data was then imported to Arc view. A 
predefmed coordinate system was selected. (Aj man is in UTM zone 40). Points of the 
wel ls taken by GPS appeared in the map view area. I KONOS image of the area has been 
requested and col lected from G ISTEC and FEW A in 1 0m resolution. The image is 
geometrically registered to a known geographic base, so that it can be combined with 
other mapped data in a digital environment for further analysis.  The advantage of 
geometrically correcting an image prior to further analysis and interpretation is  that it 
would then allow proper measurements of distances and areas to be made from features in 
the image. This may be particularly useful in  different applications where true 
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measurements are necessary, such as in urban mapping applications. Also, the geographic 
locations of features could be detenmned. 
New l ine themes are created and different layers have been added including main 
roads, main pipe l ines sub main l ines, data of well s. A base map that represents the 
spatial distribution of groundwater el ls  on I KONO Image, of the Aj man emirate is 
created uti l izing MS excel and Arc view tools. The ultimate objective is to develop a GIS 
database for water wells in Ajman to ensure the sustainabil ity of the avai lable water and 
provide technical support for researcher, professionals and decision makers in the area of 
water resources. 
Lithology of each wel l in Hal lew area has been entered in GWW software 
(Appendix D) and then l inked with the Arc view. All  the information about any wel l  can 
be easi ly retrieved from the system including x, y coordinates, wel l  number, date of 
dri l l ing, depth ranges in feet, thickness of different layers, description of l i thology wel l 
construction and l i thological log, and remarks about wel l  construction method of dri l l ing, 
diameter of the casing, water level at the time of dri l l ing and so on. Eventual ly, the 
database also include data about EC in flS/cm, TDS in mg/l, PH,  Total Hardness as 
CaCo), Total Alkalinity as CaCo), Hco) in mg/I, S04, C I ,  No), f, Ca++, Mg++, Na+, K+ and 
Si02 al l  in mg/l .  
This study included basic survey for the wel ls, measurement of selected field 
hydrochemistry and monitoring of groundwater levels. Tasks which are accomplished are 
as fol lows: 
a) GPS surveying of latitude and longitude coordinates and elevation. 
b) Obtaining production wel l  yields 
c)  Measurement of static and dynamic water levels (Appendix B) 
d) Field measurement of water qual ity (EC, ph, and Temp) (Appendix C) 
e) Col lection of pumping and construction data of the wel ls  (Appendix A) 
f) Creat ing and populating a simple database of the above information 
g) Using a GIS  software package [(Arc G IS 9 (Arc Map)] to map and analyze the data. 
For the geo-referencing of wel ls  in wel l  fields, Global Positioning Satel l i te (GPS) 
receivers were used. The coordinates of each single wel l  were obtained by using GPS 
devices. With the GPS, the coordinates were given in the UTM format Universal­
Transversal-Mercator projection. The measurement of the coordinates was done either on 
the head of the wel l  or as close as possible. 
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The groundwater Ie el wa mea ured b u Ing a B electric contact meter type 
KLL produced b B h drometr kaufbeur n, German . With thi de ice, both the 
dynamic and the static ater Ie el ere mea ured from the top of the wel l  casing. 
Becau e in mo t ca e the pump were running, onl the d namic or pumping water level 
could be measured. Till i defined a "the depth below the urface of the groundwater 
Ie el in the \i el l  hen the pump i operating", which i always deeper than the static 
water Ie e i .  In the ca e In hich the pump were not running, the static water Ie el 
( WL) wa determined. 
3. 1 0. Use of G roundwater for Window (GWW oftware) - An Overview 
Groundwater for window i a relational data base and a Groundwater Information 
ystem (GWIS) .  The GWW combines the principles of GIS with powerful dedicated 
groundwater data proce ing and reporting modules: 
- Master data 
- Chemical data (including time and depth eries) 
- Pumping test processing and aquifer parameters 
- Wel l logs and wel 1  construction data 
L ithologic hydrogeologic and stratigraphic cros sections ( in two and three 
dimensions) 
- Mapping 
- Step drawdown test data 
Water level measurement data 
Grain size distribution curve and calculations of hydraul ic conductivity using 
empirical formulas 
- Various hydrogeological calculations, such as wel l  functions, draw downs, and 
miscel1aneous wel 1  construct ion data. 
- User-defined storage and retrieval appl ications 
3. 1 0. 1 .  Creating a new log 
To create a new wel 1 log, the procedure is the fol 1owing. 
1 .  In the entry form type the new wel 1  identification name or number uSing any 
combination of numbers and characters. F i l l  other fields with information. If the wel l  
identification name already exists i n  your data base (it wi l l  exist if you have typed some 
information for this wel 1  either in the master data appl ication or in any other appl ication), 
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the program wi l l  automatical l fi l l  in the fields that alread have information. The new 
file creation in G WW i hown in Figure 3 . 1 1 ). 
Normally this would apply to and y coordinates, ground surface elevation and wel l  
description. 
2 .  Select W.L. Data and Edit Log data. Type the data into the table .  On the last l ine with 
information after you t pe a code for Lith. Unit, override the default description by 
adding another in the col umn Comment, hold down the CTRL key and press S .  
� "  GWW [c :\rehan.gww] 
_ , .  
! ' ! Open GWW Data Base a 
Data Base Name 
Filename: I L-- ·_GYVW 
______ --.JI I OK I 
Directory: C:\ 
Fi les:  
rehan.gww 
Directories: 








Figure 3. 1 1 . Creating a new fi le for wel l  log in GWW 
3. 1 0.2. Data, wel l  log and wel l  construction 




- Lithologic units (abbreviated to l ith. units) 
- Load map 
Using the wel l  log appl ication (Figure 3 . 1 2) on the main menu bar of the GWW software 
the fol lowing actions can be done: 
- Create a new wel l  log by entering dri l l ing data (depths and l ithologic description of 
dri l led layers) and construction data (hole and casing diameters, screen positions, 
materials fi l l ing annulus). 
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- Use the exist ing l i thologic symbols for various l i thologic members and/or materials 
fi l l ing the annulus. 
- Create new symbols directly on the screen or using a text processor. 
Display a wel l  log with its construction detai ls  on the screen. 
Well log [c:\rch,m.gww] 
Data DospIay ConstructIOn Report Llh.1.ht.s Load Map MakI! Random Help 
Oe¢l Data 
1 2  ThIckness Data 
1 5  0epth(TNck. Lhts 
Lithology 
Well ldtnt 
2 Insert Row OrH 
22 Delete Row QrH) 
25 
o 
Drilling .... thod 
3 Save Log Data Orl·S 





Figure 3. 1 2. Entering data for wel l log and wel l  construction in  OWW 
3. 1 0.3. Edit ing l ithologic sym bols and descriptions 
Editing of a l ithologic unit or addition of a new l ithologic unit ( Figure 3 . 1 3 ) can be done 
by fol lowing way: 
1 .  Select Lith. U nits on the menu bar. 
2 .  Select Edit Lithological Unit .  
The screen wil l  display a l ist with al l  currently available l ithologic units.  Editing of 
existing l ithologic units is shown in  (Figure 3 . 1 3 ) for a unit coded as GRA VELC. The 
acronym is user-definable. In this case it stands for " Fine to Medium Gravel with C lay " . 
You may use anything, but acronyms or codes should be easy to remember. For this unit 
the default description that wi l l  be typed on the log is :  ORA VELC. 
4 1  
Well lo& [c:\rehan.pw] '� -!211) 
' 211 1 _ 
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1 2  
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Figure 3. 1 3. Editing l ithological symbols in GWW 
3. 1 0.4. Construction data and d isplay 
125 00 
Edil lilhologiccll u . . . E:I 








OK Cancel I 
You may display a wel l  log at any time. I t  may show only intervals of depth without any 
description and symbols. This wil l  happen if you did not input the ASC I I  file with codes, 
symbols  and description of l ithology. It may display intervals, l ithologic symbols and 
description of units but without any construction detai ls .  This wil l  happen if you did input 
the l ithology ASCI I  file, but not construction details. I t  may display construction, 
annulus-fil l ing materials, and l i thology, as, if you have all associated fi les in the data base 
and have entered construction information. To display a dri l l ing and construction log of a 
wel l  you should :  
1 .  Select, using cursor o r  up and down arrows, the wel l  that you wish displayed. 
2. Select Display from the menu bar and it wi l l  be displayed as shown in (Figure 3 . 1 4) .  
The log wil l  be displayed without any further intervention. Once displayed, you may 
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Figure 3. 1 4. Display of wel l  log after its construction in GWW 
After entering al l the data one by one for 57 wel ls  of Hal lew area the wel l logs are created 
and the sample of which can be seen in ( Figure 3 . 1 5 ) and remaining 56 wel ls  can be seen 
in (Appendix D) .  
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Figure 3. 1 5. Display of wel l  log after its construction in GWW for 
wel l  no.8 Hal lew 
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3. 1 1 . Chem ical Aoaly i for Hal lew Well Water 
The groundwater qual ity wa measured using a multi meter 340i from WTW Wei lheim, 
Germany. The Electrical Conducti ity (EC) of the water ample was measured with a 
conductivity-measuring cel l .  whi le the pH wa determined using a pH Electrode enTix 
20. In addition, the water temperature wa taken by using the same equipment. The 
samples were mainly taken from running pumps. The EC describes the abi l ity of a water 
sample to carry an electrical current and it increases with an increasing amount of 
impurities (Total Di solved ol ids "TDS"). Therefore, the EC is an indirect measure of 
the TDS. 
The TDS values have been calculated using the measured EC and the fol lowing formula: 
TDS (PPM / mg / I )  = EC (�s / cm)*O.67 (water on the web 2008) 
When measuring conductivity temperature variations and corrections represents the 
largest source potential error (US EPA 2008) .Besides the data taken by the authors, 
extracted data of the regular laboratory analysis of the water qual ity are included in the 
results. This analysis is performed by the laboratory section of the FEW A and contains, 
among others, investigations of the fol lowing parameters: Sulphate, Magnesium, 
Calcium, Chloride, Nitrate, Ammonium, pH, TDS and Conductivity .  
Ajman has been experiencing rapid economic development, urbanization and 
dramatic change in land use. These activities impose a negative impact on groundwater 
qual ity in the quaternary sand aquifer in Hal lew. Being located down-gradient of the 
regional groundwater flow system in the UAE (Alsharhan et al. 200 1 ,  Rizk and E I-Etr 
1 998), the Hal lew naturally receives poor-qual i ty groundwater. In addition, unplanned 
disposal of waste in unl ined pits on land surface leads to downward movement of surface 
pol lutants, causing further degradation of groundwater quality. The quaternary aquifer is 
unconfmed and is vulnerable to pol lution from surface sources. This vulnerabi l ity can be 
minimized by strict regulatory enforcement to e l iminate i l legal waste disposal .  
Natural conditions and human activities have caused serious quality degradation 
of the quaternary aquifer in the north of the United Arab Emirates (UAE) specifical ly in 
Ajman. The aquifer in Hallew is unconfined, receiving l imited recharge ( 1 2542 m
3/day) 
from the east. Field survey and laboratory analyses revealed anomal ies in groundwater 
sal ini ty (TDS), total hardness (TH), dissolved oxygen (DO), cations (Ca
2+, Mg
2+, Na+ and 
K+), anions (Hc03 ,S04 , Cl and N03) and trace elements (Fe, Pb, Cd and Cr) which can be 
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correlated to point and nonpoint pol lution ources. Concentrations of trace elements are 
more responsive to anthropogenic ource than natural one (AI-Hogaraty et al .  2008). 
3. 1 1 . 1 .  Field work and material and method 
Field work for the chemical analysis was started in June 2006 and completed in August 
2007. Hal lew area hydrogeolog and hydrogeochemistry was surveyed and investigated. 
Depth of the groundwater were measured in 57 FEW A water wel l s  in Hal lew area (detai l  
of wel l  in entory data and water levels in Hal lew wel ls  year wise can be seen in 
Appendix A and Appendix B). 37 groundwater samples were col lected for chemical 
analysis with the help of FEW A central Lab. The physical parameters of water such as 
temperature (OC), electrical conductivity (EC) in micro siemens per centimeters (Ils/cm) 
and hydrogen ion concentration (Ph) were directly measured in the field because they 
change after sample col lection (Hem 1 985) .  
3. 1 1 .2. Laboratory ana lysis 
The chemical  analysis of groundwater samples col lected for this study was conducted in 
the central laboratory at FEW A Stores Sharjah (Table 3 .3) .  Standard analytical techniques 
described in (Rainwater and Thatcher 1 960), (F AO 1 970) (APHA 1 995) and (Skoog et 
al .  2004) were appl ied. Chemical analysis of major, minor and trace chemical constituents 
was performed using titration methods, ion c hromatography (Weiss 1 986), atomic 
absorption spectrophotometry (Ediger 1 973)  and inductively coupled plasma-atomic 
emission spectrometry (Wolf and Grosser 1 997). 
For measurement of total dissolved solids (TDS), a 1 00 ml  of wel l-mixed water 
sample was fi ltered through a standard glass fiber. The fi ltrate was evaporated to dryness 
in a weighed dish and dried to a constant weight at 1 80°C. The increase in dish weight 
represented the total dissolved sol id (APHA 1 995).  The detai l of chemical  analysis of 
Hal lew wel ls  for the year 2003 can be seen as a sample in (Table 3 . 3 )  and chemical 
analysis for al l Hal lew wel l s  are shown in (Appendix C) in which the spread sheets are 
created for year wise with their graphical representation. 
For determination of alkal inity, soluble carbonate (C03) and bicarbonate ( HC03) 
anions were measured by titration of 50ml water sample against 0.02 N HCl solution 
using pheno lphthalein and methyl orange indicators (Skoog et al. 2004). Total hardness 
was measured by addition of 2ml of the buffer solution ph- l 0 and three to four drops of 
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Erichrome Black T mdicator to 1 0ml  water ample, and titration with standard 0.0 1 M 
EDT A solution. 
3. 1 2. G roundwater Pollution 
Groundwater pol lution depends on topography, hydrogeology, the sources of 
groundwater recharge and the amount of groundwater pumping. Both point and non-point 
ground ater pol lution sources in Hallew are discussed in the fol lowing: 
3. 1 2. 1 .  Point  pollution sources 
During field survey spec ial emphasis was given to inspection of old and operating waste 
disposal sites because of their direct negative impact on groundwater qual ity. 
Unfortunately,  al l  waste disposal sites are unlined and directly conveying their leachates 
to the underlying groundwater which are near to Hal lew area. 
3. 1 2.2. Non-point pollution sou rces 
Farmland covers 40 km2 on the eastern side of the emirates road which is adjacent to 
Hal lew and represents the main potential d iffuse source of groundwater pol lution in 
Hal lew area. The residential (32 km2) and industrial (20 km2) areas are also potential non­
point groundwater pol lution sources because of the unregulated waste disposal and lack 
of a sewage network in the c ity (AI-Hogaraty et a l .  2008). 
Point and non-point pol l ution sources are not the only factors contributing to 
groundwater pol lution at Ajman.  Natural factors such as the geographic location, 
prevai l ing c l imate and hydrogeologic setting also have a negative influence on 
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Table 3.3.  Hal le area chemical anal sis for the year 2003 
EC TDS Ph T.H T.A lk  HcoJ _S04 CI 
5350 3344 7.65 630 202. 1 246.6 525 1 247 
5230 3269 7.59 620 204.8 249.9 500 1 1 95 
5280 3300 7.55 6 1 5  206.2 25 1 .6 5 1 5  1 2 1 7  
5340 3338 7.76 665 2 1 2 .9 257.7 5 1 5  1 233 
6 1 40 3838 7.53 800 202. 1 246.6 575 1 484 
5990 3744 7.60 740 234.5 286. 1 575 1 405 
5030 3 1 44 7.58 780 226.4 276.2 575 1 432 
5780 36 1 2  7.6 1 790 1 88.7 230.2 560 1 330 
5920 3700 7.54 830 1 80.6 220.3 575 1 388 
6500 4063 7.55 935 1 73 .8 2 1 2 . 1 625 1 572 
6980 4363 7.55 1 035 1 63 . 1 1 98.9 700 1 722 
7420 4638 7 .48 1 \ 20 1 75.2 2 1 3 .7  750 1 845 
7960 4975 7.3 1 1 265 1 63 . 1 1 98.9 800 2003 
5940 37 1 3  7.6 1 725 206.2 25 1 .5 575 1 370 
8 1 1 0  5069 7 .52 1 300 1 7 1 . 1  208.8 800 2099 
80 1 0  5006 7.50 1 260 1 65 .7  202.2 800 2020 
6780 4238 7.48 1 025 1 72.5 2 1 0.4 700 1 669 
67 1 0  4 1 94 7.6 1 980 1 88.7 230.2 650 1 607 
6960 4350 7.58 1 0 1 0  1 92 .69 235 .08 685 1 695 
6530 408 1 7.63 870 207.5 253 . 1 5  650 1 563 
5460 34 1 3  7.60 685 207.5 253 . 1 5  525 1 265 
5590 3494 7.73 675 225 .03 274.54 525 1 300 
5700 3563 7.66 7 1 5  2 1 5 .6 263 .03 525 1 3 53 
8030 50 1 9  7.62 1 240 1 72.48 2 1 0.43 800 2038 
6520 4075 7.57 855 2 1 5.6 263 .03 650 1 563 
8030 50 1 9  7.56 1 220 1 69.78 207. 1 3  800 2020 
7590 4744 7.58 1 070 1 9 1 .34 233 .44 740 1 862 
6830 4269 7 .60 920 1 98.08 24 1 .66 660 1 65 1  
7530 4706 7.58 1 1 30 1 75. 1 7  2 1 3.7 1 730 1 888 
7080 4425 7 .57 1 060 1 83 .28 223 .6 700 1 748 
6720 4200 7.48 995 1 79.22 2 1 8 .65 675 1 634 
6540 4088 7.43 950 1 88.65 230. 1 5  675 1 685 
6740 42 1 3  7 .46 990 1 72.48 2 1 0.43 675 1 639 
6970 4356 7.43 1 070 1 84.6 1 225 .22 675 1 739 
7630 4769 7.40 1 200 1 9 1 .34 233 .43 750 1 9 1 5  
7320 4575 7 .56 1 085 1 99.43 243.3 700 1 662 
6580 4 1 1 3  7.56 9 1 0  1 90 23 1 .8 675 1 58 1  
Where 
EC = Electrical conductivity in Ils/cm 
TDS = Total d issolved sol ids in mgll 
T.H = Total hardness as caC03 in mgll 
T.ALK = Total alkal inity as caC03 in mgll 

































6. 1 6  
6. 1 6  
7.04 
5 .72 
6. 1 6  
6. 1 6  
7.92 
F Ca Mg Na K Si02 
0.96 66 1 1 3 8 1 9  2 1 .5 27 
0.89 66 1 1 0.6 804 20.9 27 
0.80 66 1 09.4 820 2 1 . 1  29 
0.65 66 1 2 1 .5 834 2 1 .3 24 
0.94 80 1 45 .8 95 1 24.5 27 
0.85 68 1 38.5 93 1 24 28 
0.9 1 78 1 42.2 77 1 20. 1 27 
0.89 80 1 43.4 857 23.2 27 
0.89 86 1 49.5 885 23.6 27 
0.97 98 1 67.7 1 0 1 6  26 28 
0.94 1 08 1 85.9 1 0 1 9  28 28 
0.98 1 26 1 95.6 1 083 29.7 28 
0.94 1 36 224.8 1 1 65 3 1 .9 27 
0.93 74 1 3 1 .2 935 23.8 28 
0.95 1 36 233.3 1 1 90 32.5 29 
0.95 1 28 228.4 1 1 74 32. 1 3 1  
0.94 1 08 1 83 .5  1 083 27.3 28 
0.99 98 1 78.6 982 26.9 26 
0.93 98 1 85.9 1 022 28 26 
0.92 84 1 60.4 999 26. 1 28 
0.89 62 1 28 .8 862 2 1 .8 28 
0.8 1 68 1 22 .7 886 22.4 27 
0.89 72 1 30 904 22.8 27 
0.94 1 26 224.8 1 1 98 32. 1 28 
0.97 82 1 58 1 035 26.2 24 
0.85 1 28 2 1 8 .7 1 1 74 3 1 .8 29 
0.92 1 1 4 1 90.8 1 1 67 30.4 28 
0.92 90 1 68.9 1 029 27.3 27 
0.92 1 1 4 205.3 1 099 30. 1 27 
0.87 1 20 1 84.7 1 045 28.4 26 
0.80 1 06 1 77.4 1 0 1 4  26.9 26 
0.80 96 1 72.5 977 26. 1 25 
0.86 1 04 1 77.4 1 000 26.9 26 
0.74 1 1 0 1 93 .2 1 0 1 5  28 27 
0.89 1 26 224.8 1 1 1 6 30. 1 29 
0.82 1 \ 2 1 95.6 1 1 2 1  29.5 28 
0.79 92 1 05.2 996 26.3 25 
Chapter 4. patial Databa e for Water Re ou rces in Aj man 
4. 1 .  Methodology 
IKONOS image of the area has been requested from GISTEC and FEW A in 1 0m 
resolution then image is geometrical l registered to a known geographic base, so that it 
can be combined with other mapped data in a digital environment for further analysis. 
The advantage of geometrical ly correcting an image prior to further analysis and 
interpretation is that it would then al low proper measurements of distances and areas to be 
made from features in the image. This may be particularly useful in different applications 
where true measurements are necessary, such as in urban mapping appl ications. Also, the 
geographic locations of features could be determined. 
In view menu choose new themes, select point then added attributes to point 
features so al l the wel ls  which are having x y coordinates scattered exactly on the same 
position (Figure 4. 1 )  as they are in field because the image was digitized before and geo 
referenced 
Then new l ine themes are created and the fol lowing layers have been added which are 
main road, main pipe l ines, sub main l ines. 
During the different phases of this study nine (9) GIS layers of were created. A l l  
the layers are co-registered to the UTM projection system, UTM zone 40.GIS layers are 
brought together and integrated in a GIS  database using Arc GIS  version9 software. 
Remote sensing and GIS  have been successfully used to quantify change extent, store 
geo-spatial information in separate layers and integrate the whole dataset in one container 
( i .e.  geo-database). 
4.2. Aj man G roundwater Wells Layer 
The layer contains the detai l  of groundwater wel l s  of Ajman Emirates. 
4.2. 1 .  Sub layers of 57 wells 
57  sub layers of groundwater wel l s  each layer showing one wel l  were developed (Figure 
4. 1 ). In each layer the detai l  information about wel l  records, water levels depth of wel l  
(Figure 4.2 and Figure 4 .3 )  as wel l  as a l ink with l ithology o f  wel l  (Figure 4.4) [which 
was prepared in  GWW software (Figure 4 .5)  and then l inked with Arc GIS  9] is  avai lable 
and these are entered into attributes of each wel l .  By c l icking information button in the 
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menu tool bar and then cl icking on an wel l  al l the information about the wel l  can be 
retrieved. 
4.2.2. Data for wells 
Data was col lected by taking Magel lan GPS Navigator to each wel l  in Hal lew area which 
consists of 57 wel ls .  All and y coordinates of wel ls  have been col lected by GPS and 
then exported from Ms e cel to ArcGI S9 the wel ls  locat ions exactly come on the 
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Figure 4.5. Wells l ithology constructed In GWW 
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4.3. Water network of Aj man layer 
4.3. 1 .  Sub layer of multiple type of pipe l ine 
There are five layer which are: 
1 - Main pipe l ine 
2- House connections (Pink color) 
3- Main distribution (purple) 
4- Sub main distribution (blue) 
5- Transmission feeder (red) 
Detai l  about water network layer is shown in (Figure 4.6 and Figure 4.7)  pipel ine 
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Figure 4.7. Water network of Ajman la er 
4.3.2. Data for water network of Aj man 
Data is col l ected for water network of Aj man was col lected from FEW A head office 
Dubai, FEW A office Ajman As wel l  the fi les avai lable in Planning department of FEW A 
in Auto Cad fi les that were transferred to Arc GIS 9. 
4.4. Pumping Station of Aj man Layer 
4.4. 1 .  Sub layers of pumping stations, desal ination plant and water tanks 
There are four layers which are' 
Sub layer 1 - new pumping station 
Sub layer 2- old pumping station 
Sub layer 3- Ajman RO desal ination plant 
Sub layer 4- Four layers for water tanks in Ajman 
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Figure 4.8. Desal ination plants, pumping station and storage tanks layer 
4.4.2. Data for pumping station,  desal ination plants and storage tanks 
Data i s  col lected for pumping stations desal ination tanks of Ajman by Magel lan GPS 
Navigator as wel l  from the previous old records avai lable in FEW A Ajman pumping 
station and desal ination plants as wel l  the col lecting data from planning department of 
FEW A Dubai office. 
4.5. Sewerage Network of Aj man Layer 
4.5. 1 .  Sub layers of sewerage pumping stations and disposal pond site 
There are eleven sub layers which are: 
Sub layer 1 :  ten layers of sewerage pumping stations. 
Sub layer 2: one layer of d isposable pond site. 
54 
Detai l  of sewerage network of Ajman is entered in eleven layers (Figure 4 .9) and detai l is  
entered in attribute tables. 
s 
Legend 


















_ Red Band_I 
_ G",en 80""_2 
_ Blue 8000_3 
Kilometers 
110 55 a 110 
AHARA 
Figure 4.9. Sewerage network of Aj man layer 
4.5.2. Data for sewerage network of Ajman 
Data is col lected for sewerage network from the fol lowing organizations: 
1 - Ajman sewerage (private) company l imited (employer) 
2- B lack and Veatech (construction contractor) 
3- S ix  construct l imited (contractor) 
4- Mott MacDonald (employer representative) 
5- Halcrow ( independent consult ing engineer) 
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4.6. Aj man Land Deta i l  Layer 
4.6. 1 .  ub layer of jman land deta i l  
There are fi e sub la er which are: 
ub layer 1 - road 
ub layer 2- sub roads 
ub layer 3- parcels 
ub layer 4- ectors 
ub layer 5- administrator 
Detai l of Ajrnan land detali layer i entered III five layers (Figure 4. 1 0) and detai l i s  
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Figure 4. 10 .  Ajrnan land detai l s  layer 
4.6.2. Data for Aj man land detai ls 
Data is  col lected for land detai l s  were from cad drawings of FEW A and Ajrnan 
municipal ity. 
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4.6. Aj man Land Details Layer 
4.6. 1 .  Sub layer of Aj man land detail 
There are five sub layers hich are: 
Sub layer 1 - roads 
ub layer 2- sub roads 
ub layer 3- parcels 
Sub layer 4- sectors 
Sub layer 5- administrator 
Detai l of Ajman land detai ls layer is entered in five layers (Figure 4. 1 0) and detail IS 
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Figure 4. 1 0 . Ajman land detai l s  layer 
4.6.2. Data for Aj man land detai ls  
Data is col lected for land detai ls  were from cad drawings of FEW A and Ajman 
municipal ity. 
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4.7. Aj man Hyd rogeology Layer 
4.7. 1 .  u b  layer of Aj man hyd rogeology 
There are two layers which are: 
ub layer 1 - Ajman hydrogeology 
Sub layer 2-Aj rnan geology 
Ajman geology composed of Aeolian and (orange dots), Al luvium (blue patches) and 
orne green vegetat ion (green patches) and these are visible in Ajman geology layer 
(Figure 4. 1 1 ). 
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Figure 4. 1 1 . Ajman geology layer 
Ajrnan hydrogeology composed of high sand ( l ight b lue) and high sabkha (dark b lue) and 
these are visible in Ajrnan hydrogeology layer (Figure 4. 1 2) .  
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Figure 4. 1 2. Ajrnan hydrogeology 
4.7.2. Data for Aj rnan hydrogeology 
Data is col lected for hydrogeology and geology was from 
1 - Ministry of water and environment, Dubai 
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4.8. Aj mao  atell ite I m age Layer 
4.8. 1 .  Sub layer of Aj mao satel lite image 
There are eighteen composite la ers, which are visible in (Figure 4. 1 3) .  
Legend 
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Figure 4. 1 3. I KONOS image of Ajman area 
4.8.2. Data for Aj mao satellite image 
Data is col lected was from IKONOS image of the area has been requested and col lected 
from GISTEC and FEWA. 
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4.9. Emirate Layer 
Layer showing all emirate of UAE in different colors with their respective boundaries. 
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Figure 4. 1 4. Layer showing a l l  emirates of UAE in different colors 
60 
Chapter S. De al ination and ewage in Aj man 
5. 1 .  I n troduction 
Worldwide, over 23 mi l l ion cubic meters of desalinated water is produced per day (Smith 
2005). The majority of production i in the Midd le East and North African region. Some 
of the reasons advanced to consider the ocean a a source for drinking water includes: 
- Limited surface fresh water avai labi l ity; 
- Over 50% of the world's  popUlation l ives in urban centre's  bordering the ocean; 
- Climate change - e tended drought cyc les of 1 0  years compared to a historical five 
year period. 
- The ocean is  a drought proof re ource; 
Positive publ ic perception.(Voutchkov 2005) 
The desal ination of seawater for potable uses is on the rise. Currently, over 1 7,000 
desal ination plants in 1 20 countries are in operation, with US$ l O  bi l l ion investment in 
new plants expected over the next five ears. (Voutchkov 2005) 
Top ten desalination countries (Table 5 . 1 )  as of 30th June, 2008, according to 
G lobal Water Inte l l igence and International Desal ination Association 
Table 5. 1 .  Top producers of desal inated water in the world (Desal ination News 2008) 
Desa l inated Water % Age Share 
No Cou ntr  Prod uced in in the World 
mJ/d ( M I C PD) 
1 Saudi Arabia 1 0,759,693 ( 2367) 1 7 % 
2 UAE 8,428,456 ( 1 854) 1 3 % 
3 USA 8, 1 33,4 1 5  ( 1 789) 1 3 % 
4 Spain 5,249,536 ( 1 1 54) 8 %  
5 Kuwait 2,876,625 (632) 5 %  
6 Algeria 2,675,958 (588) 4 %  
7 China 2,259,74 1 (497) 4 %  
8 Qatar 1 ,7 1 2,886 (376) 3 %  
9 Japan 1 ,493, 1 58 (328) 2 %  
1 0  Austral ia 1 , 1 84,8 1 2  (260) 2 %  
Total desalination capacity is expected to double by 20 1 5, with reverse osmosis 
the dominating technology. 62% of the desal ination capacity of the world is in the Middle 
6 1  
East / North Africa (ME A) region. Countries in the gu lf region (the gulf cooperation 
counci l  countries - Bahrain Kuwait, Qatar, Oman Saudi Arabia, and the United Arab 
Emirates) alone account for 53% of worldwide desal ination capacity. The UAE has 55 .5  
m3 of natural renewable water re ources per capita (Earth Trends 2005). 
Industry data shows that demands for desal inated water are growing at an annual 
average of 6% double the global average, and regional governments have already 
invested an estimated 1 0  bi l l ion in e i ting and new projects to boost capacity. However, 
with a surging population and large- cale economic diversification across the Gulf, a 
further investment of around $ 1 00 b i l l ion is requi red over the next 1 0  years to meet the 
rapidly escalating demand for water. Desal ination is the top technological approach for 
increasing water suppl ies in the region, but other measures, such as recycl ing water and 
reducing consumption should also be considered ( Desalination News 2008). 
At present, the Federal E lectricity and Water Authority (FEWA), which serves the 
northern emirates of Aj man, Umm Al Quwain, Ras Al Khaimah and Fujairah, operates 
six power generation and three water desalinat ion plants. Work to increase capacity 
across the board is being undertaken with the major element slated to be located in  
Ajman, at  the Al  Zawra power plant, which is expected to be completed by mid-2009. By 
g lobal standards, energy consumption in the Ajman emirate and throughout the UAE is 
exceptional ly high in  per capita terms. Prospering businesses and real estate 
developments are creating a growing demand for power. The Abu Dhabi water and 
electricity authority anticipate the demand for electricity wi l l  grow by 7% to 7 .5% each 
year until 20 1 2  (ADWEA 200 1 ) . Power and water are sti l l  sold wel l  below market rates 
for U AE nationals. Due in part to low revenues, investments in capacity have not kept up 
with demand, leading to shortages. This has led to a need for rationing with some 
businesses having to rely on diesel generators. As a result, developers are looking more 
seriously at alternatives for high demand uses such as air conditioning. The use of 
centra l ly  located chi l led water used to cool buildings is catching on, despite initial 
resistance because of high start-up costs. 
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5.2. Aj man De al ination - An Overv iew 
The fol lowing (Tables 5 .2  5 . 3  and 5 .4) describe the present capacities of desal ination 
plants, pumping stations and water tanks in Ajman. 
Table 5.2. Existing distribution and transfer pump capacities, Aj man 
N u m ber Of Pu mps I nd iv idua l  Pump Actua l  
No Pumping tation 
Distribution Transfer 
Capacity mJ/h r Flow mJ/h r 
( M I G D) (M IGD) 
I MED Power tation 
From MED 
1 042 (5 .5) Condenser 
2 AI Zawra RO Plant 3 85 (0.45) 1 7 1  (0.90) 
3 
Ajman Central 3 400(2 . 1 1 ) 400 (2 . 1 1 )  
Distribution Station 4 800(4.22) 800J4.22) 
Table 5.3. Existing desal ination plants in Ajman 
Firm Prod uction in 
Location Desa l i nation 
Sou rce 
Year mJ/h r (M I G D) 
No 
of Pla n t  Technology Com missioned Year 




1 995 328 ( 1 .73) 
583 




2000 288 ( 1 .52) 
1 5 1 3  2 Station Water (7 .99) 
RO 
Sea 
1 99 1  1 23 (0.65) 
1 76 3 AI Zawra Water (0.93) 
RO 
Wel l  
1 998 1 .25 (0.0066) 
7.38 4 Hal lew Water (0.039) 
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Ta ble S.4. Existing water storage capacities of reservoirs 
Location Year Capacity 
Type of 
tatus Ta n k  N o  
Con t ructed mJ (Ga l lon ) Tan k  Height 
Rumeila 2003 909 (200,000) Welded I n  35 meter I Steel Service 
AI Zober 1 98 1  46 ( 1 0,000) Welded not in 20 meter 2 Steel service 
3 Al Helaw 1 982 46 (1 0,000) 20 meter 
AI Zawra 
2273 Welded I n  Ground 4 P lant Tank 1 984 
(500,000) Steel Service tank lio. I 
AI Zawra 
2273 Welded I n  Ground 5 P lant Tank 1 990 
(500,000) Steel Service tank lio. 2  
Al  Gurf 1 990 455 ( 1 00,000) 
Spherical I n  
35 meter 6 Steel Service 
Hamedia 1 992 909 (200,000) Welded I n  1 5  meter 7 Steel Service 
Ajman 
1 1 365 In Ground 
8 Dist. 1 996 





1 8 1 84 In Ground 
9 Dist. 2002 
(4 Mi l l ion) Concrete Service tank Center 
Ajman 
1 8 1 84 I n  Ground 
1 0  Dist. 2002 





1 8 1 84 I n  Ground 




New AI  
9 1  (20,000) 
Welded I n  
20  meter 1 2  
Hal lew 
2004 Steel Service 
Old Al  
2004 46 ( 1 0,000) G.R.P .  
I n  
20  meter 1 3  
Hal lew Service 
Old Al  
9 1  (20,000) 
Welded I n  Ground 
1 4  
Hal lew 
2005 
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Figure 5. 1 .  Combined yearly water production of Ajman plants and future 
forecasted scenarios Tebodin (2007) 
(Figure 5 . 1 )  shows the source wise present and future desal inated water requirement of 
Ajman. 
5.3. Existing and Future Desal ination Plants of Aj man 
(Table 5 .5)  presents the Year 2000 - 2006 historical data of water production from 
desa l ination plants using wel l  field water and seawater as source for desalination process 
for Ajman. 
Table 5.5. Firm production capacities of existing desalination plants in Ajman 
Location Firm Water Prod uction Capacity i n  m
3/h r ( M I G D) 
2000 200 1 2002 2003 2004 2005 2006 
RO-Ajrnan 
44 1 520 574 566 578 582 583 
(2.33) (2 .75) (3 .03) (2.99) (3 .05) (3 .07) (3 .08) 
MED- 288 754 1 046 993 972 1 1 25 1 5 1 4 
Ajrnan ( 1 .52) (3 .98) (5 .52) (5 .24) (5. 1 3 ) (5 .94) (7.99) 
A I  Zawra 
1 69 1 25 1 57 1 30 1 6 1  1 55 1 76 
(0 .89) (0.66) (0.83) (0.69) (0.85) (0.82) (0.93) 
3 .8  3 .8 3 .8  6 8 8 8 Hal lew 
(0.02) (0.02) (0.02) (0.03) (0.04) (0.04)  (O.0t!l 
Total 90 1 .8 1 402.8 1 780.8 1 695 1 7 1 9  1 870 2283 
Prod uction (4.75) (7.40) (9.40) (8.95) (9.08) (9.88) ( 1 2.04) 
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(Table 5 .6) presents the planned future firm water production capacity of existing 
desal ination plant Aj rnan 
Table 5.6. Future water balance plan for Ajrnan (Year 2008 - 20 1 6) (Tebodin 2007) 
Firm Water Year 
Production 
Capacity 2007 2008 2009 20 1 0  20 1 1 20 1 2  20 1 3  20 1 4  20 1 5  20 1 6  
mJ/h r  (M I G D) 
Existing Well  Water Desa l i nat ion Pla nts 
a. Ajman RO Plant  
Present Firm 644 644 644 644 644 5 1 5  386 258 1 29 0.00 
Production Capacity (3 .4) (3.4) (3 .4) (3 .4) (3 .4) (2.72) (2.04) ( 1 .36) (0.68) 
b. Hal lew RO Plant 
Present Firm 8 8 8 8 8 6 4 4 2 0.00 
Production Capacity (0.04) (0.04) (0.04) (0.04) (0.04) (0.03) (0.02) (0.02) (0.0 1 )  
c. D irect Use of Wel l  1 042 1 042 1 042 1 042 1 042 834 625 4 1 7  208 0.00 
Water (5 .50) (5 .50) (5 .50) (5.50) (5 .50) (4.4) (3 .3)  (2 .2) ( 1 . 1 0) 
Ex isting Sea Water Desa l inat ion Plants 
a. Power Station M E D  Plant 
Present Firm 1 042 2042 2042 2042 2042 2042 2042 2042 2042 2042 
Production Capacity (5.50) ( 1 0.78) ( 1 0 78 )  ( 1 0 78) ( 1 0  78) ( 1 0.78) ( 1 0.78) ( 1 0. 78)  ( 1 0. 78) ( 1 0.78) 
b. AI Zaw ra RO Plant 
Present F irm 1 76 1 76 1 76 1 76 1 76 1 76 1 76 1 76 1 76 1 76 
Production Capacity (0.93) (0.93) (0.93 )  (0.93) (0.93) (0.93) (0.93) (0.93) (0.93) (0.93) 
Augmentation of 1 1 1 4 1 1 1 4 1 1 1 4 1 1 1 4 1 1 1 4 1 1 1 4 1 1 1 4 1 1 1 4 I I  1 4  
Firm Capacity (5.88) (5.88) (5 .88) (5 .88) (5 .88) (5.88) (5 .88) (S.88) (S.88) 
New Sea Water Desa l ination Plant 
(FEW AfTRANSCOI 1 326 2463 3978 S 1 1 S  6062 7 1 98 8 1 45 
3ed Party/ADWEA) (7) ( 1 3) (2 1 ) (27) (32) (38) (43) 
Total Water 29 1 2  5025 5025 635 1  7488 8664 9462 1 0072 1 0869 1 1 477 
Production (1 5.37) (26.53) (26.53) (33.53) (39.53) (45.74) (49.95) (53.17) (57.38) (60.59) 
Total Water Demand 3770 4298 S056 6 1 90 7446 8643 9337 1 0009 1 0706 1 1 426 
( 1 9.90) (22.69) (26.06) (32.68) (39 3 1  ) (45.63) (49.29) (52.84) (56.52) (60.32) 
ExcesslDeficit (+1-) -8S8 727 89 1 6 1  42 2 1  1 2S 63 1 63 S I 
(-4.53) (3.84) (0.47) (0.85) (0.22) (0. 1 1 ) (0.66) (0.33) (0.86) (0.27) 
66 
5.4. Sewage Col lection Sy tern in Aj rnan 
5.4. 1 .  Anth ropogenic factor 
The fast pace of urban evolution In land use at Ajman city during the last few years have 
directly caused groundwater pol lution. The large volumes of waste generated in 
association with municipal activities were disposed into unlined pits on land surface. 
Leachates from these holes carry large amounts of pol lutants towards groundwater in the 
underlying aquifer. On the other hand diffuse pol lution sources are attributed to dense 
septic systems in residential areas, uncontrol led waste disposal in industrial areas and the 
wide appl ication of chemical fert i l izers on farmlands in the eastern part of the city. 
5.4.2. Municipal activities 
Two old landfil l  sites with a total surface area of 5 ,007 m2 are in the Al Jarf area. A used 
tires disposal site covers an area of 2,403 m2 and occurs between the old landfil ls and 
c lose to the cement factory .Both the fert i l izer factory (27,348 m2) and cement factory 
( 1 23 ,004 m2) produce large volumes of sol ids waste. Untreated sewage water disposal 
sites are two; an abandoned old site and an operating one. The old site covers an area of 
440 693 m2 and the active site has an area of 3 0 1 692 m2 (AI-Hogaraty et a1 . 2008) .Waste 
from the operating site move downward pol luting groundwater underneath. Despite the 
poI lut ion caused by this site, it has been d i luted in the surrounding area. 
5.4.3. Agricultural  activities 
Non-point pol lution sources refer to pol lutants that come from a widespread area and 
cannot be tracked to a single point or source. Appl ication of agrochemicals on farmland, 
widespread septic tanks and i l legal disposal of industrial waste are examples of non-point 
pol lution sources. Too many septic systems in any given area wi l l  overload the soi l ' s  
natural purification systems and al low large amounts of  wastewater to  contaminate 
groundwater (Hamouda 1 995) .  The high density of bui ldings and lack of a sewage 
network in the Ajman, at the present t ime, wi l l  lead to a widespread of septic systems and 
subsequent pol lution of groundwater. The total area of point pol lution sources is only 1 
km2, while the total area of nonpoint pol lution sources is about 92 km2. The diffuse 
sources inc lude septic systems in residential areas (32 km2), uncontro l led disposal in  
industrial areas (20 km2) and appl ication of various types of agrochemicals on farmland 
(40 km\ The pol lution result ing from non-point sources is difficult to define and hard to 
control (AI-Hogaraty et a1 .  2008). 
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5.5. Pollution Control 
ewage treatment plants are necessary for larger cities such as Ajman, which has 
witnes ed remarkable urban expan ion during the last few years. Sewage network and 
sewage treatment plant at Aj man are under construction. Treatment plants remove 
approximately 90% of the organic waste and suspended sol ids, less than 70% of the toxic 
metals and synthetic organic chemicals, 50% of the nitrogen in the form of nitrates and 
30% of the phosphorus in the form of phosphates (AI Saati 1 995).  The remaining 
discharge is sti l l  high in nutrients, and the remaining sludge is sent to a landfil l  as waste 
or appl ied to the land as a soi l additive. 
The department of environment at Aj man municipal ity keeps a c lose eye on 
i l legaJ , uncontrol led waste disposaJ practices by companies and individuals. Violators 
have to be identified and charged for their violations. The disposal of untreated sewage 
water on land surface has to be panned immediately after completion of the sewage 
treatment plant. 
The RO desalination plants operating in Aj man c ity are running with poor-qual ity 
feed water, which causes extensive damage to membranes. Costly pre-treatment is made 
to enhance plant capacity and to e tend the service l ife of membranes. 
5.6. Introduction about Aj man Sewage System 
Unti l  now no sewage col lection system is  avai lable in Ajman. The sewage from homes, 
factories, hotel s, commercial bui ldings etc is col lected in septic tanks and then col lected 
by tankers and conveyed to the disposal site near city. Mostly the septic tanks are in 
streets, near boundary l ines of the buildings and most of the cases old water pipe l ines are 
crossing these septic tanks. Since there is system of intermittent supply in Ajman due to 
shortage of water, there is serious threat of sewage intrusion in low-pressure sections of 
the pipes. 
The construction of a new sewerage treatment plant in  Ajman has started in 
February 2006. The design parameters are given in (Table 5.7 and Table  5 .8)  and 
disposable pond site and sewerage network is visible in (Figure 5 .2). 
Sewer network consists of gravity sewers, pumping station and pressurized force 
mains, which col lect the wastewater generated within the initial service area and convey 
the waste water to the treatment plant. 
Initial service area is divided into a number of individual drainage basins. A 
network of gravity sewers is instal led in each drainage basin to col l ect the waste water 
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from each registered property located within the respecti e drainage basin and con e the 
flo b gravity to a common col lection point. A pumping station is provided at each 
col lection point to discharge the col lected wastewater into a pressurized force main either 
to the next pump station or re- l ift the sewage into a nearby manhole to al low continuation 
of gravity flow within the adjacent basin. The individual pumping stations and force 
main are interconnected to conve the col lected wastewater to the treatment P lant. The 
system complies with the requirement of "sewer for adoption" publ ished by water 
services association and amended by Thame water. 
Treatment plant consists of a complete tertiary plant with effluent disinfection and 
handl ing faci l ities. In normal operation the effluent wi l l  be discharged either to an 
effluent pipe l ine pro ided b others which wi l l  connect to the treatment plant pipel ine at 
the del ivery point or to a tanker loading faci l ity subject to design capacity 350,000 IGPD. 
Effluent discharged to the effluent pipel ine shal l be gravity discharged. Disposal ponds 
are provided at the site with treatment plant and emergency disposal pipel ine from the 
treatment plant to a discharge point at khor-Ajman. 
Table 5.7. Initial phase parameters of Ajman treatment plant 
I n it ia l  Phase Pa ra meters Avera2e Cond it ions Max im u m  Month  Conditions 
Average F low rate, mj/d 49,073 
Max Month hydraulic flow rate ,mj/d 58,888( 682 lis) 
BOD5, kgld 1 5,295 
TSS, kg/d 1 5,295 
TKN, kg/d 3 , 1 50 
Peak Instantaneous hydraulic capacity = 8 1 ,000 m3/d (93 8 Vs) 
Table 5.8. Future phase parameters of Ajman treatment plant 
Future Phase Pa ra meters Avera2e Cond itions Maxim u m  Month Conditions 
A verage F low rate, mj /d 73,6 1 0  
Max Month hydrau l ic flow rate ,mj/d 88,33 \ (  1 022 lis) 
8005, kg/d 22,944 
TSS, kg/d 22,944 
TKN, kg/d 4,724 
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Figure 5.2. Layer showing sewerage network of Aj rnan 
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Chapter 6. Forecasting of Water Demands for Aj man 
6. 1 .  I ntrod uction 
Water use/demand is a complex function dependent on socio-economic characteristics. 
c l imatic factors and public water pol icies and strategies. This study develops a model 
based on the multiple l inear regression approach that considers these parameters to 
forecast and manage the water use/demand in Aj man emirate of United Arab Emirates. 
The model appl ies statistical tools  to select suitable demand function and most relevant 
explanatory variables that have strong relationship with water use/demand. The analysis 
indicates that the population, conductivity, total dissolved sol ids, water level s  in wel ls, 
summer water use, winter water use, and average temperature are significant variables of 
water use/demand. The demands are forecasted for moderate and high levels of 
population growth. The study further analyzes the effect of length of data series on 
accuracy of model re ults .  The developed model is used to forecast the future water 
use/demand in the study area. 
6.2. Water Resou rces versus Population G rowth i n  Aj man 
The population forecast of  Northern emirates can be very intensive subject due to the 
composition of the population. The composition of the population is divided into two 
main categories incl uding citizen and non-citizen population. The growth rate of citizen 
population is expected to fol low a certain trend of birth and death, however due to the 
migration of the citizen population to the other large emirates of Abu Dhabi and Dubai 
the trend of growth is not constant. Moreover, from time to time the UAE government 
issues naturalization to Arabs from neighboring countries which may have an impact on 
the balance of population growth of citizen and non citizen, but this change in the balance 
is not considerable and has minimal impact on the overal l  population growth. 
The non-citizens are general ly  labours on single or married status and hold 
residence visa. The growth of non-citizen population is driven by economic growth and 
job opportunity. The population census of the northern emirates was carried out by the 
ministry of p lanning/economy every five years starting from 1 970 to 2005. 
Recently, i ts has been decided by the ministry of planning/economy to carry out 
the population Census every ten years, therefore the next census is expected to be in year 
20 1 5  (Source :  Ministry of Planning/Economy UAE). 
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The percentage annual growth rate for the spl it  in citizen, non-citizen and total population 
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Figure 6. 1 .  Historical cit izen and non citizen population growth rate of Ajman 
(Source: Ministry of PlanninglEconomy UAE) 
6.3. Water Quantity in  the Distribution Network-(Sector Wise) 
The water supplied to al l areas of Ajman is from central distribution storage tanks. The 
water supply to a l l  area in Ajman is not 24-hour supply 
Rumai lab and Karama:  The current estimated popUlation of Rumailah and Karama is  
1 6987 and 1 8953 residents respectively l iving in vi l las, apartments and shabiat. The 
quantity of water suppl ied to Rumai lah and karama is 3 .465 MIGD (656 m31hr) .  (Source: 
FEWA). 
Suwan, Bustan, Rasbidia and M usbairif (trad ing area): The estimated population of 
Suwan, Bustan, Rashadia and Mushariaf- Trading area is 1 8420, 25323,  8388 and 9867 
residents repectively l iving in  apartments v i l las, and shabiat The quantity of water 
suppl ied to (Suwan, Bustan Rashadia and M ushariaf- trading area) is 4.004 MIGD (759 
m3/hr). (Source: FEW A). 
Juri: The current estimated population of Jurf is 5,773 residents l iv ing in vi l las and 
shabiat. The q uantity of water suppl ied to this local i ty is 1 .760 MIGD (334m31hr) 
(Source: FEW A). 
Hamidia:  The current estimated population of Hamidia is 7,796 residents l iving in v i l las 
and shabiat. The quantity of water suppl ied to this local ity is 0.462 MIGD (88m31hr) 
(Source: FEW A). 
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Zah ra and Mowihat:The current e timated population of Zahra and Mowihat is 1 6,080 
and 4,443 residents re pecti ely l iving in apartments v i l las and shabiat. The quantity of 
water suppl ied to these localities i 1 . 848 MIGD (350m31hr) ( ource: FEWA). 
I ndustrial area Dome tic: The current estimated population Industrial Area is 39,208 
residents l iving in apartments and shabiat. The quantit of water suppl ied to this local ity 
is 1 .925 MIGD (365m31hr) ( ource: FEWA). 
Nuaimiah :  The current e timated population of uaimiah Area is 4 1 , 1 75 residents l iving 
in apartments, v i l las and shabiat. The quantity of water supplied to this local i ty is 
2 .860MIGD (544m31hr) (Source: FEWA). 
Hal lew: The current estimated population of Al Hal lew Area is 1 , 1 25 residents l iving in 
v i l las and shabiat. The water suppl ied to AI Hal lew Area is from the tanks at Helew RO 
plant. The quantity of water suppl ied to this local ity is 0.075 MIGD ( 1 4m3/hr) (Source: 
FEWA). 
6.4. Forecasting of Water Demands for Aj man 
In  Ajman, the emphasis on accurate water forecasts is particularly important. There is an 
increased need for water demand forecasts as the areas of population and economic 
activities are growing, the need for supply should be more accurately quantified, and 
additional uses and needs of water should be identified. 
No serious attempts have been made so far to forecast the water demands in Ajman. Such 
forecast should include the fol lowing: 
- How many desal ination plants required up to 203 1 
- Forecasting groundwater usage up to 203 1 .  
- Forecasting sea water usage up to 203 1 .  
- Effects of conductivity and TDS on water usage as wel l  as on production of 
groundwater source in Aj man. 
- Water usage in summer and winter seasons in Ajman 
- Base forecast on groundwater and sea water uses. 
In the current study, the relevant data has been col lected from different sources 
then the data avai lable from 1 990 to 2006 was used to forecast water demands in Ajman 
Up to 203 1 with 5 years increment. SPSS software has been used to make forecasting and 
get the independent variables and then their response on water use in Ajman emirate has 
been evaluated. 
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This study invol e the forecast of water demands in Aj man Emirate up to 203 1 
based on low demand and high demand; it considers the effects of groundwater qual i ty 
deterioration because of no recharge. The study also considers the tremendous increase in 
populat ion and i ts effects on water consumption. 
6.4. 1 .  Growth in development of vi l las and mega projects in Aj man 
(Table 6. 1 )  shows the number of ongoing and future projects with respective population 
and water demand in Aj man. The historical growth in the construction of Vi l las and 
Arabic houses in Aj man is shown in (Figure 6.2) for years 2000 to 2005.  (Figure 6 .3)  
Show the l inear e trapolation in the growth of development of Vi l las and Arabic houses 
up to year 2025. 
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Table 6. 1 .  Total water demand for mega projects in Ajman 
Total 
Name of ta rt ing Com pletion Water 
No Locat ion Demand Project yea r yea r 
M IG D  
(mJ/hr) 
1 
Emirates Jurf 2007 2009 0.37 (70) Home 
2 
AI Ameera 




20 1 0  0.55 ( 1 04)  




20 1 0  0.55 ( 1 04)  
4 Ajman 1 Alsawan 2007 2009 0.78 ( 1 48) 
A I  zawra 
5 Project Alzawra 20 1 0  2026 8.80 ( 1 667) 
Ajman I 
Emirates city 
6 Phase I Hal lew 2007 2009 1 .76 (334) 
Phase2 2008 20 1 0  5 .72 ( 1 09 1 )  
Ajman Pearl 20 1 1  20 1 1  
7 Musehri f 
Phase I 2008 20 1 0  0. 1 5  (29) 
Phase2 2008 20 1 1 0.32 (6 1 )  
R Tower 
8 M ixed Musherif 2007 2009 0.04 (8) 
Used Bui lding 
Hal lew 2008 20 1 1 
9 
Ethihad 
Phase I 2008 20 1 0  0.07 ( 1 3) Vi l lage 
Phase 2 2008 20 1 1  0 . 1 5  (29) 
Bou levard 
2008 20 1 1  
1 0  
City 
Hal lew 
Phase I 2008 20 1 0  0.3 1 (59) 
Phase2 2008 20 1 1 0.44 (83) 
1 1  
Ajman Green 
Hal lew 2008 20 1 1  0.22 (42) 
City 
1 2  
Ajman Up 
Hal lew 2008 20 1 0  1 .32 (250) 
Town 
Tota l  
22.07 
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Figure 6.2. Yearly bui lding pennissions issued in Aj man, (Tebodin 2007) 
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Figure 6.3. Growth in developments of v i l las and Arabic houses in Ajman, 
(Tebodin 2007) 
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6.4.2. G roundwater data 
(Table 6.2) summarizes the main groundwater data during the period of 1 990 to 2006. 
The groundwater use has increased from 2867 mi l l ion gal lons (MIG) in the year 1 990 to 
4420 MIG 1 998. It then tarted to dec l ine to 2296 MIG in the year 2006. The 
groundwater Conductivity increases from 3450 Ils/cm in the year 1 990 to 9 1 32 Ils/cm in 
the year 2006. The groundwater TO increa e from 1 567 PPM in the year 1 990 to 3345 
PPM in 2006. The groundwater level drop significantly from 38 .4 meter in the year 1 990 
to 47.5 meter in 2006. This reflects the deteriorat ion of groundwater qual ity in Ajrnan due 
to over pumping and insufficient recharge. 
Table 6.2. Annual groundwater usage in Ajrnan 
Water use Average Average Average 
Year (Mi l l ion Gal lons) Conductivity TDS in  GW Level 
/(M il l ion MJlYea r) (J1,s/cm) GW (PPM) (M eters) 
1 990 2867 ( 1 3.03) 3450 1 567 38 .4 
1 99 1  3077 ( 1 4) 3565 1 578 38 .8 
1 992 325 1 ( 1 4.77) 3574 1 678 39 
1 993 3234 ( 1 4.70) 3875 1 690 39. 1 
1 994 390 1 ( 1 7.73) 3965 1 789 39.4 
1 995 4463 (20.29) 4267 1 876 40.0 
1 996 4445 (20.20) 4635 2034 40.2 
1 997 44 1 5  (20.06) 4987 2 1 99 4 1 .0 
1 998 4420 (20.09) 5378 2386 4 1 .6 
1 999 3870 ( 1 7.60) 5897 2456 4 1 .9 
2000 3789 ( 1 7.22) 6378 2567 42.3 
200 1 3750 ( 1 7.04) 6784 2678 43.5 
2002 3300 ( 1 5) 7345 2765 44.0 
2003 2765 ( 1 2 .57) 7869 2876 44.6 
2004 2587 ( 1 1 .76) 8452 2976 44.9 
2005 2456 ( 1  1 . 1 6) 8745 30 1 1  45.6 
2006 2296 ( 1 0.43) 9 1 32 3345 47.5 
GW denotes groundwater. 
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6.4.3. Desal inated water data 
(Table 6 .3)  summarizes the main desal ination water use data during the period of 1 990 to 
2006. The desalinated water u e has increased from 239 MIG in the year 1 990 to 824 
M I G  2000. It then started to increase to 2576 MIG in the year 2006 to compensate the 
shortage of groundwater production. 
Table 6.3. Annual desal ination water usage in Aj rnan 
Water used from Sea Water Water used from Sea Water 
Year Sou rce M IGal lonsNear Year Sou rce M IGa l lonsNear 
(M il l ion MJNear) (M i l l ion  M3Nead 
1 990 239 ( 1 .08) 1 999 289 ( 1 . 3 1 )  
1 99 1  245 ( 1 . 1 1 )  2000 824 (3 .74) 
1 992 262 ( 1 .20) 200 1 1 7 1 1 (7.78) 
1 993 253 ( 1 . 1 5) 2002 2264 ( 1 0.30) 
1 994 1 94 (0.88) 2003 2345 ( 1 0.66) 
1 995 324 ( 1 .48) 2004 2354 ( 1 0.70) 
1 996 334 ( 1 .52) 2005 2487 ( 1 1 .30) 
1 997 33 1 ( 1 .50) 2006 2576 ( 1 1 .7 1 )  
1 998 297 ( 1 .35) 
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6.4.4. Scena rio-A moderate popu lation growth in Aj man 
Table 6.4.  Forecasted groundwater usage for moderate population growth 
Water u ed from TDS in  
Yea r Popu lation G W  Sou rce Cond uct iv i ty G W  GW Level Tem pera t u re M IGal lonsN ea r (Jis/Cm )  ( Meters) (C� 
(M i l l ion MJNea r) (PPM) 
1 990 67897 2867 ( 1 3 .03) 3450 1 567 38.4 35 .5 
1 99 1  82354 3077 ( 1 4) 3565 1 578 38 .8 36.7 
1 992 95467 325 1 ( 1 4.77) 3574 1 678 39 36.8 
1 993 99657 3234 ( 1 4 .70) 3875 1 690 39. 1 37.6 
1 994 1 1 0567 390 1 ( 1 7.73) 3965 1 789 39.4 37.5 
1 995 1 2 1 590 4463 (20.29) 4267 1 876 40 36.5 
1 996 1 4 1 567 4445 (20.20) 4635 2034 40.2 35 .5 
1 997 1 56786 44 1 5  (20.06) 4987 2 1 99 4 1  35 .8  
1 998 1 7 1 567 4420 (20.09) 5378 2386 4 1 .6 37.4 
1 999 1 85786 3870 ( 1 7.60) 5897 2456 4 1 .9 38 . 1 
2000 1 96879 3789 ( 1 7.22) 6378 2567 42.3 37.5 
200 1 205456 3750 ( 1 7.04) 6784 2678 43 .5 36.5 
2002 2 1 8676 3300 ( 1 5) 7345 2765 44 35 .4 
2003 235879 2765 ( 1 2.57) 7869 2876 44.6 34.4 
2004 245786 2587 ( 1 1 .76) 8452 2976 44.9 36.5 
2005 256789 2456 ( 1 1 . 1 6) 8745 30 1 1 45 .6 37.8 
2006 263456 2296 ( 1 0.43) 9 1 32 3345 47.5 38.6 
20 1 1  3 1 8935 1 737 (7.9) 1 0837 4030 4 1  39 
20 1 6  3744 1 5  1 3 85 (6.3) 1 2542 47 1 5  4 1 .8 40.5 
202 1 4355 1 9  1 287 (5.85) 1 4247 5400 42.5 4 1 .8 
2026 4966 1 5  1 2 1 3  (5.5 1 )  1 5952 6085 43 42.25 
203 1 557709 1 1 50 (5.22) 1 7657 6770 44 43.4 
(Table 6.4) shows the forecasted groundwater usage if the population of Ajman 
increases with Moderate growth. The groundwater use wi l l  decrease from 2296 MIG in 
the year 2006 to 1 1 50 MIG 203 1 .  The groundwater Conductivity wi l l  increase from 9 1 32 
Ils/cm in the year 2006 to 1 7657 Ils/cm in the year 203 1 .  The groundwater TDS wil l  
increase from 3345 PPM in the year 2006 to 6770 PPM in 203 1 .  This reflects the 
deterioration of groundwater qual ity in Ajman if the same practice of over pumping and 
insufficient recharge continues. 
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Table 6.5. Forecasted sea water usage for moderate population growth 
Water used rrom Water used from 
Year Popu lat ion 
Sea Water ou rce 
Year Popu lat ion Sea Water Sou rce M . l .Gal lons/Yea r M. I.Gal lonsfYear (M il l ion M3fYea r) (M il l ion M3fYearl 
1 990 67897 239 ( 1 .08) 200 1 205456 1 7 1 1 (7.78) 
1 99 1  82354 245 ( 1 . 1 1 )  2002 2 1 8676 2264 ( 1 0.30) 
1 992 95467 262 ( 1 .20) 2003 235879 2345 ( 1 0.66) 
1 993 99657 253 ( 1 . 1 5) 2004 245786 2354 ( 1 0.70) 
1 994 1 1 0567 1 94 (0.88) 2005 256789 2487 ( 1 1 .30) 
1 995 1 2 1 590 324 ( 1 .48) 2006 263456 2576 ( 1 1 .7 1 )  
1 996 1 4 1 567 334 ( 1 .52) 20 1 1  3 1 8935 33 1 5  ( 1 5 .07) 
1 997 1 56786 33 1 ( 1 .50) 20 1 6  3744 1 5  4065 ( 1 8.48) 
1 998 1 7 1 567 297 ( 1 .35) 202 1 4355 1 9  4892 (22.24) 
1 999 1 85786 289 ( 1 .3 1 ) 2026 4966 1 5  57 1 9  (26) 
2000 1 96879 824 (3 .74) 203 1 557709 6545 (29.75) 
(Table 6.5) shows the forecasted sea water or desal inated water usage if  the 
population of Ajman increases with Moderate growth and there wi l l  be i ncrease in the 
production from year 2006 to 203 1 to compensate the shortage of groundwater 
production. (Figure 6.4) is the graphical representation of the (Table 6.4 and Table 6.5) .  
\I) tJ) :> 
lii 
� 
- water used from ground water source In mil l ions of gallons 
- water used from sea water source in mil l ions of gallons 
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Figure 6.4. Forecasted annual desal inated and groundwater use for Ajrnan 
(Moderate population growth scenario) 
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6.4.5. cenario-B h igh population growth in Aj man 
This scenario e plain about extra ordinary population growth in Ajrnan 
considering the previous year data and also taking 7.5% extra population increase and 
extrapolating it to 203 1 b regression analysis. In  this scenario we consider the 
unforeseen c ircumstance l ike huge numbers of expatriate purchasing lands and l iving in 
Aj man plus undisclo ed projects etc. 
Table 6.6. Forecasted groundwater usage for high population growth 
Water used from 
Average 
GW ou rce Average 
Year Popu lation in M i l l ions of  Conductivity 
TDS in  GW Level 
Gal lons/Year (f.ls/Cm) 
GW (Meters) 
(M i l l ion MJ/Yea r) 
(PPM) 
1 990 67897 2867 ( 1 3 .03) 3450 1 567 38 .4 
1 99 1  82354 3077 ( 1 3 .98) 3565 1 578 38.8 
1 992 95467 325 1 ( 1 4.77) 3574 1 678 39 
1 993 99657 3234 ( 1 4.70) 3875 1 690 39. 1 
1 994 1 1 0567 390 1 ( 1 7.73) 3965 1 789 39.4 
1 995 1 2 1 590 4463 (20.290 4267 1 876 40 
1 996 1 4 1 567 4445 (20.20) 4635 2034 40.2 
1 997 1 56786 44 1 5  (20.06) 4987 2 1 99 4 1  
1 998 1 7 1 567 4420 (20.09) 5378 2386 4 1 .6 
1 999 1 85786 3870 ( 1 7.60) 5897 2456 4 1 .9 
2000 1 96879 3789 ( 1 7.22) 6378 2567 42.3 
200 1 205456 3750 ( 1 7.04) 6784 2678 43.5 
2002 2 1 8676 3300 ( 1 5) 7345 2765 44 
2003 235879 2765 ( 1 2.57) 7869 2876 44.6 
2004 245786 2587 ( 1 1 .76) 8452 2976 44.9 
2005 256789 2456 ( 1 1 . 1 6) 8745 30 1 1 45 .6 
2006 263456 2296 ( 1 0.43 ) 9 1 32 3345 47.5 
20 1 1 345787 2577 ( 1 1 .7 1 )  1 1 378 423 1 4 1  
20 1 6  405938 1 884 (8.56) 1 3 1 69 4945 4 1 .8 
202 1 472 1 86 1 8 1 2 (8.23) 1 4959 5670 42.5 
2026 538426 1 74 1  (7.9 1 )  1 7068 6325 43 
203 1 604664 1 728 (7.85) 1 8539 7 1 24 44 
(Table 6.6) shows the forecasted groundwater usage if the population of Ajrnan 
increases with h igh growth. 
8 1  
Table 6.7. Forecasted sea water usage for high population growth 
Water used from Water used from 
Sea Water Sou rce Sea Water Sou rce 
Year Popu lat ion in M i l l ions of Yea r Popu lat ion in M il l ions of 
Ca l lons ( M i l l ion Ca llons (M i l l ion 
MJNea r) MJNea r) 
1 990 67897 239 ( 1 .08) 200 1 205456 1 7 1 1 (7.78) 
1 99 1  82354 245 ( 1 . 1 1 )  2002 2 1 8676 2264 ( I 0.30) 
1 992 95467 262 ( 1 .2) 2003 235879 2345 ( 1 0.66) 
1 993 99657 253 ( 1 . 1 5 ) 2004 245786 2354 ( 1 0.70) 
1 994 1 1 0567 1 94 (0.88) 2005 256789 2487 ( 1 1 .30) 
1 995 1 2 1 590 324 ( 1 .48) 2006 263456 2576 ( 1 1 .7 1 )  
1 996 1 4 1 567 334 ( 1 .52) 20 1 1 345787 3434 ( 1 5 .60) 
1 997 1 56786 33 I ( 1 .50) 20 1 6  405938 4205 ( 1 9. 1 1 )  
1 998 1 7 1 567 297 ( 1 .35) 202 1 472 1 86 5055 (23) 
1 999 1 85786 289 ( 1 .3 1 )  2026 538426 5904 (27) 
2000 1 96879 824 (3.74) 203 1 604664 6754 (30.70) 
(Table 6 .7)  shows the forecasted sea water or desalinated water usage if the 
population of Ajrnan increases with high growth. (Figure 6 .5 )  is the graphical 
representation of the (Table 6.6 and Table 6.7) .  
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Figure 6.5. Forecasted annual desal inated and groundwater use for Ajrnan 
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Chapter 7. Conclusions and Recom mendations 
7. 1 .  Conclusions 
Growing water scarcity requires sustainable water use especial l y  in urban areas where 
domestic use requires high quality characteristics. To design effective water policy, urban 
water demand should be sufficiently  analyzed and broken down. The case of Ajman area 
presents certain interesting aspects in this context. in Aj man, the population density is 
high, the c l imatological ly conditions lead to intensified water use, whi le water resources 
are substantial ly  scarce and the various economic growth scenarios alter water use 
patterns and habits. Indeed, The Aj man water system wi l l  face severe problems in the 
future, i f  current trends continue. In this context, the design of a sustainable  water pol icy 
is vital for the future of the city. The present study identifies the factors ( i .e .  population 
increase, economic growth, mega proj ects, water qual ity deterioration and temperature) 
that determine water demand in Ajman .  Future demand is estimated under certain 
plausible assumptions concerning its crucial determinants. 
The socio-economic wel fare of Aj man is largely based upon groundwater 
resources adequacy. Regulatory authorities have been alarmed as increasing water 
demand over the last decade has resulted in considerable head decl ine and qual ity 
deterioration. The current study attempted to develop an integrated and versati le  system 
to handle time-expanding water resources related data; It can be used as a powerful tool 
by decision makers to perform a global "at a glance" updated appraisal of resource 
conditions via theme databases and maps. Sustainable water resources management 
pol icy p lanning is assisted and necessitated raising of low environmental public 
awareness is fac i l itated. 
The study emphasizes the importance of university education, research and 
development, technical training and networking in the fol lowing areas of water resources 
to help  solve the problems: Water resources management, wastewater treatment 
technology and management, groundwater resources management, water qual ity 
monitoring, use of Irrigation water management, and management of distribution 
systems. 
I t  is c lear that current water resources cannot satisfy future demand much past 
2020 without alternative pol icies. The GIS  database wi l l  be of specific interest to al l 
researchers and scientist involved in practical research and appl ications related to water 
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resources in Ajman and wi l l  provide the needed support to the decision making process in 
the Emirate in various issues related to Water Resources. 
The resul ts of the current study wi l l  serve as a model for the development of water 
resources databases in the other Emirates. Further future studies, is to integrate the Ajman 
Water Resources GIS database into other related databases in the country. 
The ultimate achieved obj ective of this study is the development of a GIS database 
for water resources in Aj rnan to ensure the sustainabi l i ty of the avai lable water and 
provide technical support for researcher, professionals and decision makers in the area of 
Water Resources. 
It is concluded that water use wi l l  increase regardless. If correct, these 
concl usions could lead to pol icy-relevant recommendations. 
7.2. Recommendations 
The importance of water resources in  the sustainable development in Ajman Emirate and 
UAE can not be over emphasized. The results of this study are expected to have a direct 
and significant impact on the water resources management in Ajman. These results wil l  
help professionals and researchers t o  conduct advanced research t o  assess, develop, 
protect and sustain the avai lable water resources in Ajman. The GIS database wi l l  provide 
the needed support for decision making process. The developed GIS  database of water 
resources in Ajman might be regarded as a model to GIS databases in the other emirates. 
Water resources databases in the different emirates can then be integrated to develop a 
national database. 
Major review and shift in water pol icies in Ajman and UAE emphasizes 
conservation and demand management, with the overal l  objective of securing long term 
water supplies while  meeting strict criteria for socio-economic, fmancial and 
environmental sustainabi l ity and publ ic health requirements. 
More efficient use and improved qual ity of water resources are the main strategic 
obj ectives identified. Further detai l s  on these strategic objectives are spec ifical ly :  
1 )  Improve public management, including appropriate pol icies. 
2) Increase public participation in water resources management programs. 
3 )  Increased wastewater treatment and water reuse by publ ic and private sectors. 
4) Increase use of pol lution prevention techniques. 
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The fol lowing are the major recommendations for the sustainable water resource 
management in Ajman:  
a)  Protect water resource from over-exploitation, quality degradation, and i rreversible 
damage. 
b) Al locate water resources among different uses to sustain economic growth with 
equitable distribution of benefits and balance demographic distribution. 
c) Satisfy society' need for water, food and ecological stabi l ity by meeting drinking 
water requirements, by providing for safe disposal of wastewater and sol id waste, by 
increasing productivity per units of land and water, and by maintaining an ecological 
balance. 
d) Pumping of groundwater resources in Ajman should be reduced as much as possible. 
Groundwater pumping should be control led, regulated and monitored to ensure its 
sustainabi l ity. 
The most cogent aspect is that water saving plans should be based on quantitative 
restrictions and on voluntary actions prompted by information campaigns focusing on 
increasing the environmental awareness of inhabitants. On the other hand the study 
introduces prospects for further demand analysis and forecasting so that pol icy makers are 
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Li t of Acron m and bbrev iation 
Atomic Absorption pectrometr 
Arab Center for the Studies of Arid Zones and Dry Lands 
Abu Dhabi Water and Electric Authority 
American Public Health Association 
Environmental Research and Wild l ife Development Agency 
Arab Organization for Agricultural Development 
Biological Oxygen Demand 
Base Line Thematic Mapping 
Data Base Management Systems 
Dissolved Oxygen 
Digital Terrain Model ing 
E lectrical Conductivity 
Environmental System Research Institute 
Economic and Social Commission for Western Asia 
Food and Agriculture Organization 
Federal electricity and Water Authority 
Geographic Information system 
G lobal Positioning System 
Groundwater for Windows 
I nductively Coupled Plasma 
Liter/capita/day 
Cubic Meter per Day 
Multi Effect Disti l lation 
Mi l l ion Imperial Gallons per Day 
Ministry of Water and Environment 
Mi l l ion cubic meters per year 
National Palestine authority 
Reverse Osmosis 
Supply-demand model 
Statistical Package For the social Sciences 
Static Water Level 
Total Dissolved Solids 
90 
TKN Total Kjeldahl itrogen (Sum of organic itrogen, Ammonia NH3 and 
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Water level in Hallew Well Fields in 2005 
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Appe n d i x  C 
Hyd roc h e m istry of H a J lew Wel ls 
\ ea r  EC TDS P i t  fII T A L K  Heo, So, f"1 "10, F' Ca "g No K Sio, 
Wcli No 1 
1 994 5450 3177 7 65 740 223 3 08 I 4 80 1 30 829 1 9  30 845 15 8 22 
1 995 5 7 1 0  3M3 7 72 8 1 5  1 85 225 7 500 1 4 1 7  4 4  1 82 1 48 856 17 I 30 
1 996 56 1 0  3579 7 92 750 1 86 226 9 440 1 36 1  6 6  1 1  80 1 34 822 1 6 8 1 3  
1 997 5660 3538 7 86 800 1 90 2 3 1 8 6 1 0  1 376 3 5  0 8  84 1 4 3  891 1 7  1 2  
1 998 5400 3648 7 689 1 87 245 6 1 3  1 ·100 4 0 7  87 1 5 5 899 1 6  24 
1 999 58_00 3625 7 88 755 1 92 2 234 5 625 1 44 1  4 4  0 7  72 1 4 5  952 1 7 4 26 
2000 5780 36 1 3  7 8 1 740 1 9 1  233 590 1 394 13 0 5  80 1 3 1  939 25 9 26 
2001 57JO 3580 7 77 730 1 96 8 240 I 500 1 402 4 4  0 8  72 1 34 946 25 4 26 
2002 5300 33 1 3  7 52 655 1 97 8 2 4 1  4 490 1 243 4 8  0 7  70 1 1 7 833 2 1 2 22 
2003 5350 3344 7 65 630 202 1 246 6 525 1 24 7  4 4  1 66 1 1 3 8 1 9  2 1 5 27 
2004 53 1 0  33 1 9  7 75 6 1 0  208 9 254 9 600 1 26·1 4 0 8  70 1 06 907 23 9 25 
2005 5 2 1 0  3257 7 82 643 205 250 I 550 1 309 5 7  0 8  64 1 1 7 896 23 4 26 
2006 5 1 90 3244 7 .42 643 2 1 0 3 256 5 650 1 239 5 3 0 8  70 1 1 3  863 1 5 6  28 
2007 5260 3288 7 82 628 1 94 8 237 6 575 1 266 6 6  0 9  72 1 09 905 1 5. 9 24 
Well 0 2  
1 99.j 5440 347 1 7 8 1 730 1 83 223 490 1 298 3 1  0 7  94 1 1 9 8 1 4  1 9  30 
1 995 5350 34 1 3  7 67 7 1 5  1 92 5 234 9 470 1 3 1 1  3 I 0 8  80 1 2 5  823 1 6  25 
1 996 53 1 0  3388 7 85 670 1 86 226 9 4 1 7  1 2 52 7 I I 76 1 1 7 779 1 5 9  1 3  
1 9Q7 5250 3282 7 86 690 1 86 226 9 550 1 2 59 4 0 8  80 1 1 9 837 1 5 8 1 2  
1 998 5280 3300 7 88 675 1 95 9 239 550 1 269 5 7  0 8  1 1 6 93 6 855 1 5 .8 25 
1 999 52�0 3275 7 62 645 I 'l l  233 500 1 2 1 8  4 4  0 4  70 1 1 4 852 23 6 26 
2000 5230 3269 7 7  635 1 9 5 5 238 5 465 1 260 5 7  0 7  64 1 1 5 834 23 9 25 
2001 5240 3275 7 8 1 475 1 2 1 7  5 28 0 7  68 1 1 3 830 2 1  25 833 2 1 2 22 
1002 5230 3269 7 59 620 204 8 249. 9 500 1 1 95 4 0 9  66 1 1 1  804 20 9 27 
2003 5 3 1 0  33 1 9  7 75 6 1 0  208 9 254 9 600 1 264 4 0 8  70 1 06 907 23 9 2 5  
2004 1 5 230 3269 8 596 2 1 0 2 256 .4 580 1 23 3  2 2  0 8  63 1 07 887 23 8 2 5  
2005 5 1 40 32 1 2  7 78 598 2 1 0.4 256 7 525 1 273 4 8  0.8 56 I I I  884 23 1 2 5  
2006 5230 3269 7 66 578 2 1 1 6  258 1 650 1 2 32 3 1 0.8 66 1 00 882 1 6 6  28 
2007 5 1 40 32 1 3  7 86 603 205 8 2 5 1  1 550 1 2 35 4 0 8  64 1 07 872 1 5 4  2 5  
Well '0 3 
1 994 5360 3420 7 77 750 1 9 1  233 463 1 287 2 6  0.8 80 1 32 788 1 8 8 29 
1 995 5320 3394 7 77 705 200 244 470 1 307 4 . 4  1 76 1 2 5  829 1 6  30 
1 996 5320 3394 7 89 650 1 92 234 2 4 1 8  1 264 5 7  1 1  80 1 09 799 1 6  1 3  
1 997 5290 3307 7 89 670 1 9 1  233 560 1 2 59 3 5  0.7 76 1 1 7 853 1 5 9 1 2  
1 998 5250 328 1 7 9 1 680 1 97 2 240 6 550 1 239 7 0 8  96 1 07 835 1 5 8 2 5  
1 999 5260 3288 7 76 660 1 99 9 243 9 535 1 2 35 1 3  0 2  68 1 1 9 855 23 7 26 
2000 5260 3288 7 7 5 660 1 94 3 237 1 465 1 24 7  3 1 0 6  68 1 1 9 845 23 7 2 5  
200 1 1 5300 3300 7 57 550 1 2 1 3  3 08 0 6  64 1 1 5  895 1 7  20 833 2 1 2 22 
2002 5280 3300 7 5 5 6 1 5  206 2 2 5 1 6 5 1 5  1 2 1 7  2 2  0 8  66 1 09 820 2 1  I 79 
2003 53 1 0  33 1 9  7 7 5 6 1 0  208 9 254. 9 600 1 264 4 0 8  70 1 06 907 23 9 2 5  
2004 5280 3300 7 77 596 5 8 1  2 7 1  590 1 246 0.4 0 7  63 1 03 909 23 8 25 
2005 5 2 1 0  3246 7 8 1 624 2 1 1 6  258 1 600 1 3 5 5  0 9  0 6  63 1 1 3 964 1 5 6  23 
2006 5200 3250 7 72 592 2 1 6 7 264 4 650 1 2 39 2 2  0 8  68 1 02 895 1 5 6  28 
2007 5230 3269 7 89 578 209 5 255 6 550 1 249 3 1 0 8  68 98 9 893 1 5 .6 25 
Well No 4 
1 994 5280 3369 7 84 7 1 0  1 83 223 598 1 26 1  1 4  I 90 1 1 6 856 1 8 5 30 
1 995 5280 3369 7 74 695 205 250 1 465 1 2 76 3 5  0 6  72 1 2 5  8 1 3  1 5 8  30 
1 996 5270 3362 7 77 660 1 97 240 3 4 1 4  1 238 3 5  I 84 1 09 777 1 5 .8 1 3  
1 997 5250 3282 7 . 97 650 1 98 2 4 1 6 550 1 237 I 3 0 6  84 1 07 846 1 5 8 1 2  
1 998 5250 3 2 8 1  7 9 1 680 1 97 2 240 6 550 1 239 7 0.8 96 1 07 835 1 5 8 2 5  
1 999 5300 3 3 1 3  7 88 640 205 8 2 5 1  I 540 1 249 1 8  0 7  68 1 1 4 857 1 5 9  25 
2000 5250 328 1 7 85 650 200 9 245 1 535 1 2 1 9  2 2  0 6  7 2  1 1 4 853 23 6 26 
200 1 5290 3306 7 79 705 2 1 0  256 2 5 1 5  1 265 3 I 0 6  68 1 30 858 23 7 2 5  
2002 5340 3338 7 76 665 2 1 2 9  257 7 5 1 5  1 233 0 9  0 7  66 1 22 834 2 1 3 24 
2003 53 1 0  3 3 1 9  7 75 6 1 0  208 9 254 9 600 1 264 4 0.8 70 1 06 907 23 9 2 5  
2004 5340 3 3 3 8  8 06 596 2 1 9.6 267 9 6 1 0  1 264 1 8 0 .7  63 1 07 922 24 2 5  
2005 5560 3475 7 83 668 2 1 0 4 256 7 600 1 39 1  3 5  0 8  72 1 1 8 962 25 25 
2006 5 5 50 3469 7 69 703 2 1 5 . 4 262 8 650 1 34 1  2 6  0 9  70 1 2 3  9 1 7  1 6 9  28 
2007 5460 34 1 3  7 93 663 208 3 2 5 4  1 5 7 5  1 3 39 2 2  0 8  72 1 1 7 922 1 6 5 24 
�ote All Measruments are 10 m gll except E.C.  wluch IS In jJS/cm 
TH and TALK stands for total hardness and total alkalinity respectively 
, ear EC TOS P I I  T i l  T A L K  l I eo) So. CI 'I/o) F Ca \Ig Na K Sio, 
\ ell No 5 
1 994 5570 3554 7 79 820 1 78 2 1 7  644 1 406 4 1 1  1 1 2 1 30 9 1 3  1 9 5 30 
1 995 5740 3662 7 76 850 1 87 5 228 8 500 1 426 1 1 1  92 1 5 1  846 1 7 .2 30 
1 996 5 8 J O  3707 7 88 800 1 80 2 1 9 6  4 5 7  1 4 1 4  6 2  1 1  92 1 39 839 1 7 4  1 3  
1 9'17 5940 37 1 4  7 85 930 1 80 2 1 9 6  650 1 4 5 8  8 8  0 6  1 00 1 652 900 1 7 8  1 3  
1 <)<)8 5250 328 1 7 <) 1  680 1 97 2 240 6 550 1 239 7 0 8  96 1 07 835 1 5 8  25 
1 999 5 8 1 0  363 1 7 88 760 1 '18 4  242 625 1 390 4 4  0 8  96 1 26 930 1 7 4 26 
2000 5'120 3700 7 74 820 1 92 2 23n 605 1 407 5 3  0 7  90 1 4 5  962 26 6 26 
2001 6060 3788 7 62 8 1 0  1 '16 8 210 I 525 1 527 6 2  0 7  84 1 46 9'11 27 26 
2002 6060 3788 7 63 525 1 98 243 527 1 589 6 9  0 7  89 1 47 834 2 1 3 24 
2003 6 1 40 3838 7 53 800 202 I 246 6 5 7 5  1 484 3 5  0 9  80 1 46 9 5 J  24 5 27 
2004 6200 3875 8 06 763 2 J 4 3 26J 4 675 J 52 J  2 2  0 7  76 1 39 1 038 27 9 27 
2005 6020 3763 8 0 1 809 2 1 1 5 258 1 675 1 6 1 9  5 3  0 8  74 1 5 1  936 18 I 26 
2006 6070 379·1 7 38 804 2 1 5 4 262 8 700 1 5 1 7  3 I 0 8  86 1 43 985 1 8 2 29 
2007 02 1 0  3 8 8 1  7 5 5 783 208 3 254 I 675 1 543 4 0 9  90 1 3 5 1 046 1 8 9  25 
Well No 6 
1 994 5350 34 1 3  7 82 775 1 66 203 633 1 244 2 6  I I  94 1 30 8 1 8  1 8 7 30 
1 9<)5 5640 3598 7 76 855 1 84 220 495 1 395 2 6  I I  92 1 5 2 820 1 6 9 30 
1 9<)6 6030 3847 7 89 8'10 1 69 2  206 4 474 1 4 5 8  7 9  I I  96 1 58 829 1 8  I 1 4  
1 997 5740 3589 7 85 805 1 89 230 6 625 1 34 5  4 0 8  88 1 42 875 1 7 2 1 3  
1 <)'18 5240 3275 7 8 1 475 1 2 1 7  5 28 0 7  68 1 1 3  830 2 1  25 833 2 1 2 22 
1 9'19 5 5 50 3469 7 9 1 750 1 93 4 235 9 600 1 32 1  3 I 0 8  1 06 1 1 8  876 1 7 4 2S 
2000 57'10 3 6 1 '1  7 56 750 2 1 2  258 7 590 1 396 3 I 0 6  82 1 3 2  94 1 26 I 26 
2001 5950 37 1 9  7 56 730 227 7 2 7 1 7 550 1 4 47 1 8  0 8  74 1 3 2  970 26 5 26 
2002 6000 3750 7.57 620 204 8 249 9 540 1 4 1 2  6 6  0 7  68 1 3 1  975 24 26 
2003 5990 3744 7 6  740 234 5 286 I 575 1 405 3 5  0 9  68 1 39 93 1 24 28 
2004 5900 3688 7 97 634 245 2 291 I 650 1 394 0 9  0 7  63 1 1 6 1 0 1 8  26 6 26 
2005 5860 3663 8 0 1 657 238 .5 291  625 1 5 5 5  4 8  0 8  6 1  1 23 1 06 1  1 7 6 24 
2006 6040 3775 7 38 728 229 6 280 1 700 1 496 4 0 8  76 1 30 1 0 1 8  1 8 1 29 
2007 6 1 40 3838 7 76 783 2 1 6 8 264 5 625 1 567 4 0 9  86 1 38 1 042 1 8 5 25 
Well 0 7  
1 9'14 5470 3490 774 780 1 66 203 6 1 0  1 304 4 1 1  1 00 1 27 845 19 I 29 
1 <)95 5420 3458 7 8  770 1 84 224 5 485 1 3 24 2 6  1 1  74 1 42 809 1 6 3  30 
1 996 5500 3509 7 7 1 775 1 74 2 1 2 3 432 1 3 1 3  4 4  I I  1 00 1 28 770 1 6 5 1 3  
1 997 5560 3476 7 85 775 1 76 2 1 4 7 605 1 3 1 2  2 2  0 7  84 1 37 852 1 6 7 1 2  
1 998 5280 3300 7 88 675 1 95 .9 239 550 1 269 5 7  0 8  1 1 6 93 6 855 1 5 8 2 5  
1 999 5600 3500 7 87 780 1 78 6 2 1 7 9 575 1 34 5  2 6  0 8  1 4 8  99 6 859 1 6 8  2 5  
2000 6050 378 1 7 74 900 1 73 6  2 1 1 8  6 1 5  1 4 56 3 5  0 6  1 0 8  1 5 3 983 27 2 27 
2001 6050 378 1 7 66 8 1 5  1 89 1  230 7 565 1 4 1 9  4 4  0 9  92 1 42 970 27 3 26 
2002 5930 3706 7 5 1 785 208 7 254 6 550 1 403 5 3  0 7  82 1 4 1  9 1 6  23 7 2 5  
2003 5030 3 1 44 7 58 780 226 4 276 2 575 1 432 3 1 0 9  78 J 42 7 7 1  20 I 27 
2004 5230 3269 8 596 2 1 0 2 256 .4 580 1 233 2 2  0 8  63 1 0 7  887 23 8 2 5  
2005 5770 3606 7 78 708 2S 1 9 306 7 650 1 486 4 8  0 8  72 1 28 907 26 25 
2006 5860 3663 7 38 703 246 4 300 6 675 1 405 2 2  0 8  86 1 1 8  1 0 1 7  1 7 6 28 
2007 5880 3675 7 88 768 236 4 288 4 600 1 464 4 0 8  82 1 37 1 020 1 7 8 24 
Well No 8 
1 994 5630 3592 7 78 825 1 66 203 656 1 346 2 6  1 1 08 1 33 873 1 9. 7 29 
1 995 5540 3535 7 76 8 1 0  1 78 9 2 1 8 3 490 1 3 46 2 2  0 9  86 1 4 5  804 1 6 6 30 
1 996 5 5 1 0  3 5 1 5  7 8 1 770 1 67 203 7 4 3 3  1 308 3 5 I 92 1 3 1  766 1 6 5 1 3  
1 997 5500 3438 7 93 800 1 66 202 5 600 1 332 I 3 0 7  88 1 4 1  846 1 6 5 1 2  
1 998 5250 328 1 7 9 1 680 1 97 2 240 6 550 1 2 39 7 0 8  96 1 07 835 1 5 8 25 
1 999 5630 3 5 1 9  7 88 855 1 76 I 2 1 4 8 650 1 360 5 7  0 8  1 20 1 3 5 869 1 6 9 26 
2000 5690 3556 7 8  805 1 74 8  2 1 3  3 580 1 3 50 5 3  0 5  88 1 42 925 25 6 26 
2001 5 7 1 0  3569 7 66 765 1 76 1 2 1 4 8 500 1 393 4 0 8  78 1 39 9 1 0  2 5 8 2 5  
2002 5670 3544 7 48 770 1 80 2  2 1 9 8 5 2 5  1 4 4 3  3 1  0 7  82 1 37 925 226 25 
2003 5780 3 6 1 2  7 6 1 790 1 88 7  230 2 560 1 3 30 1 3  0 9  80 1 4 3  857 23 2 27 
2004 5820 3638 7 88 734 204 8 249 9 640 1 403 I 3 0 7  74 1 3 3 954 26 2 26 
2005 5700 3563 7 92 738 2 1 4 4  26 1 6 650 1 4 50 5 7  0 8  72 1 28 949 25 7 2 1  
2006 5780 36 1 3  7 6 1 753 1 92 2 234 5 675 1 4 1 2  4 4  0 8  88 1 29 990 1 7 3  28 
2007 5840 3650 7 8 1 778 1 89 9  2 3 1  7 650 1 432 4 0 8  86 1 37 1 005 1 7 6  25 
ole All Measruments are 10 mgil except E.C. wh,ch IS In J.Is1cm 































































5250 3281  
5800 3625 


















7 1 40 4463 
7330 4 5 8 1  
7080 4425 
69 1 0  43 1 9  
6400 4083 
6390 4077 
6480 4 1 34 
6530 4082 
6300 4024 
6600 4 1 25 




7330 4 5 8 1  
7200 4 5 0 1  
7540 4 7 1 3  





6785 4 1 80 
6973 4356 






8230 5 1 44 
8270 5 1 69 
P I I  T i l  
7 68 855 
7 78 865 
7 69 830 
7 95 870 
7 9 1 680 
7 72 840 
7 57 8.\0 
7 69 830 
7 54 8 1 5  
7 54 830 
7 8 1 738 
7 7 1 779 
7 4  829 
7 69 809 
7 76 780 
7 8  '150 
7 87 900 
7 88 1 000 
7 8 1 878 
7 92 950 
7 � 9 1 0  
7 7 1 900 
7 48 905 
7 5 5 935 
7 69 1 067 
7 87 1 039 
7 59 1 029 
7 59 984 
7 56 1 050 
7 72 900 
7 66 950 
7 73 1 000 
7 9 1 880 
7 74 970 
7 65 965 
7 74 995 
7 8  1 02 5  
7 5 5 1 035 
7 87 1 039 
7 M  1 080 
7 5  1 1 65 
7 76 1 1 7 5  
7 1 8 990 
7 74 1 04 5  
7 72 1 000 
7 69 1 05 5  
7 9 1 1 00 1  
7 88 1 000 
7 6  1 070 
7 66 1 1 50 
7 3 3 1 1 05 
7 48 1 1 20 
7 7 1 1 082 
7 62 1 200 
7 56 1 376 
7 5 5 1 3 76 
T \ LK I I coj So. CI No, 
Well 0 9  
1 7 1  209 702 1 397 3 I 
1 77 5 2 1 6 6 520 1 399 3 5  
1 6,\ 4 200 6 454 1 383 4 4  
1 62 1 97 6 670 1 4 50 0 9  
1 97 2  240 6 550 1 4 56 0 8  
1 66 2 202 8 675 1 406 1 8  
1 63 7 1 99 7 590 1 385 4 4  
1 68 4  205 4 550 1 4 5 1  3 I 
1 76 2  2 1 4 9 575 1 386 4 4  
1 80 6  220 3 575 1 388 3 I 
1 88 7 230 2 620 1 403 0 9  
1 86 3  227 2 650 1 5 54 5 3  
1 8 1 A 2 2 1 3 675 1 4 1 5  4 8  
1 7 7  6 2 1 6 7 650 1 436 5 7 
Well 0 1 0 
1 7 1  209 690 1 52 5  3 I 
1 8 1  2 2 2 1  I 585 1 57 5  4 8  
1 66 202 5 500 1 54 5  4 8  
1 68 6  205 7 570 1 592 5 3 
1 7 1  276 645 1 598 3 5 
243 296 5 725 1 537 3 5  
1 67 4 204 2 650 1 543 5 7  
1 67 I 203 9 625 1 606 4 .4 
1 69 4  206 7 700 1 563 4 8  
1 7 3 8 2 1 2 1 625 1 572 4 4  
1 86 266 9 850 1 795 9 2  
1 68 2 276 870 1 856 1 4  
1 66 4 203 775 1 788 20 
1 6 1  7 1 97 .3 775 1 74 7  20 
Weil l 0 1 I  
1 7 1  209 7 7 1  1 602 4 
1 82 222 6 1 0  1 628 4 
1 62 1 97 6  509 1 599 7 
1 6 1  1 96 4  7 1 0  1 656 5 7  
1 97 2 240 6 680 1 689 7 
1 79 8 2 1 94 7 1 0  1 6 8 1  7 5  
1 57 5 1 92 I 680 1 6 3 1  8 .4 
1 63 2 1 99 I 665 1 748 6 6  
1 65 9 202 4 650 1 722 10 
1 63 1 1 98 9  700 1 722 8 8  
1 6 8 2 205.4 700 1 856 1 4  
1 62 I 1 97 8 850 1 932 22 
1 62. 5 1 9 8 3 825 1 939 24 
1 5 5 6 1 89 8 850 1 972 30 
Well 0 1 2 
1 7 1  209 7 \ 3  1 653 4 
1 7 5  2 1 3  5 630 1 7 1 2  7 9  
1 60 1 95 2 5 3 3  1 677 7 5  
1 64 200. 1 750 1 7 38 3 5  
1 67 1 97 690 1 74 5  4 5  
1 62 4 1 98 I 750 1 753 6 6  
1 60 1 95 2 750 1 780 4 9  
1 68 4  205 4 7 1 5  1 886 1 8  
1 59 9  1 95 750 1 836 3 5  
1 7 5 . 2 2 1 3 7 750 1 84 5  7 
1 69 8  207 2 750 1 9 1 7  8 4  
1 64 8 201  I 850 2064 I I  
1 62 5 1 98 3 850 2 1 79 1 6  
1 55 6 1 89 8  900 2 1 66 1 7  
ate All Measruments are III m gll except E.C. whlcb IS III �s/cm 
F Ca I \1f( I N .  
I I  1 1 2 1 3 8 9 1 6  
0 9  96 1 52 827 
I I  92 1 16 795 
0 8  96 1 53 921  
0 8  96 1 4 5  835 
0 8  1 26 1 28 9 1 2  
0 5  88 1 5 1  94 1 
0 7  84 1 5 1  9 1 0  
0 8  84 1 47 905 
0 9  86 1 50 885 
0 7  80 1 3 1  93 5 
0 8  72 1 4 5  1 029 
0 8  86 1 49 950 
0 9  84 1 4 5  966 
1 2  1 02 1 26 1 027 
I I  1 00 1 70 934 
0 9  1 00 1 58 890 
0 8  1 20 1 70 909 
0 8  1 2 3 1 70 833 
0 8  1 20 1 58 1 004 
0 6  98 1 62 1 035 
0 8  1 1 0 1 52 1 020 
0 7  94 1 63 1 009 
I 98 1 68 1 0 1 6  
0 6  1 24 1 84 1 200 
0 7  1 1 0 1 85 1 234 
0 8  1 2 2 1 76 1 1 39 
0 8  1 08 1 73 1 1 24 
I 1 1 0 1 86 99 1 
I I  1 02 1 57 999 
I 1 08 1 65 905 
0 6  1 04 1 80 1 0 1 4  
0 8  96 1 07 1 022 
0 7  96 1 77 1 053 
0 6  1 1 0 1 68 1 082 
0 7  1 1 2 1 74 1 1 08 
0 8  1 08 1 84 1 008 
0 9  1 08 1 86 1 0 1 9  
0 7  1 1 0 1 85 1 1 1 9 
0 8  1 02 200 1 1 67 
0 8  1 30 204 1 1 83 
0 9  1 28 208 1 209 
0 9  1 30 1 60 1 023 
1 1  1 0 8  1 88 997 
1 3  1 20 1 70 942 
0 6  1 1 2 1 88 1 060 
0 8  I I I  1 4 5  1 034 
0 9  1 40 1 58 1 096 
0 3  1 1 2 1 92 1 1 5 7  
0 8  1 1 6 209 1 2 1 9  
0 7  1 1 2 2 0 1  1 090 
I 1 26 1 96 1 083 
0 7  1 1 2  1 9 5  1 1 60 
0 8  1 04 228 1 247 
0 8  l S I  243 1 269 
0 8  1 5 1  243 1 275 
TH and TALK stands for total hardness and total alkalinity respecllvely 
K Sio, 
20 6 28 
1 7 4 30 
1 7 3 1 3  
1 7 6 1 3  
1 5 8  25 
1 7 .\ 27 
26 26 
26 5 26 
23 4 27 
23 6 2 7  
2 6  I 26 
25 5 23 
1 7 3 28 
1 7 7 2 5  
2 1 8 28 
1 8 9  3 1  
1 9 2 1 4  
1 9  I 1 3  
2 1 2 22 
1 8 9  26 
28 7 27 
29 27 




21 2 28 
20 7 26 
22 4 29 
22 4 29 
1 9.4  1 4  
1 9 6  1 4  
1 9. 9 25 
1 9.8 28 
30 27 
30 7 27 
2 7 3 25 
28 28 
33 28 
2 5 9 24 
22 6 29 
23 I 24 
23 2 30 
20 2 3 1  
20 3 1 4  
20 6 1 4  
20.9 25 
20 9 2 7  
32 28 
32.9 28 
29 6 28 
29 7 28 
33 8 28 
26 8 24 
24 7 30 
25 26 
\ ear  EC TDS PH ru TALK HeoJ I So, C-I NOJ I F I Ca \Ig Na K Sio, 
, ell 0 13 
1 <)94 6820 4 3 5 1  7 68 1 030 1 64 200 794 1 82 1  4 4  1 1  1 36 1 66 1 1 5 1  23 9 29 
1995 68<)0 4396 7 7 3  1 075 1 7 5  2 1 3  5 645 1 760 2 6  0 9  1 1 4 1 92 1 020 20 7 3 1  
1 9'16 7050 4498 7 83 1 050 1 60 195 2 554 1 7 56 6 6  1 1  1 24 1 80 979 2 1  2 1 4  
1 997 7 1 <)0 4495 7 75 1 1 00 1 6 1  1 91 4 NO 1 854 1 8  0 5  1 32 1 87 1 1 32 21 6 1 4  
1 998 7080 4 5 4 5  7 88 1 1 00 1 6 5  1 96 756 1 789 5 7  0 8  1 34 1 67 1 1 56 1 5 8 25 
1 999 7370 4606 7 86 1 1 1 0 1 56 2  1 90 6  750 1 874 3 1  0 7  1 52 1 77 1 1 1 9 22 1 27 
2000 7520 noo 7 68 1 1 55 1 53 8 1 87 6  770 1 876 7 0 5  1 22 207 1 222 3 3 8 28 
2001 7760 4850 7 68 1 200 I SS 1 92 8 740 2050 1 3  0 8  1 34 2 1 0  1 260 34 9 28 
2002 7880 1925 7 4 8 1 220 1 54 5 1 88 5 775 2239 8 4  0 7  1 30 2 1 8  1 220 3 1 6 28 
2003 7960 4975 7 3 1 1 265 1 63 1 1 98 9 SOO 2003 2 6  0 9  1 36 225 1 1 65 31 <) 27 
2004 I S 1 40 5088 7 83 1 2 25 1 5 3 6  1 87 A 850 2 1 2 5 7 0 8  1 30 2 1 9  1 268 36 6 28 
2005 1 8620 5388 7 5 1 1 46 1  1 54 1 1 88 950 2385 \ I  0 8  1 53 262 1 3 74 25 9 24 
2006 8720 5450 7 45 1 44 1  1 53 1 86 4  950 2263 1 2  0 8  1 6 1  252 1 3 1 2  26 2 24 
2007 9020 5638 7 59 1 4 7 1  1 4 8 2 1 80 8  950 2401 1 4  0 8  1 6 5  257 1 4 1 4  2 7  I 25 
Well No 1 4  
1 9<)4 5800 3700 7 78 800 1 88 229 6 1 0  1 4 1 4  3 5  1 86 1 40 9 1 7  20 3 29 
1 995 5690 3630 7 82 780 2 1 2 . 5  259 3 5 1 0  1 386 3 1  0 9  80 1 4 1  869 1 7 1 30 
1 <)96 5580 3560 7 9  675 1 99 2  243 439 1 3 1 7  5 7  1 1  72 1 20 834 1 6 7  1 3  
1 997 5640 3526 7 84 740 201 245 2 6 1 0  1 37 1  1 1  0 7  72 1 36 923 1 6 9 1 2  
1 998 5250 328 1 7 9 1 680 1 97 2 240 6 550 1 239 7 0 8  96 1 07 835 1 5 8  2 5  
1 999 5730 3 5 8 1  7 82 740 238 7 291 2 6 1 8  1 4 1 9  3 1 0 7  68 1 39 973 1 7 2  26 
2000 5800 3625 7 85 735 1 98 4 242 I 590 1 3 77 3 I 0 5  76 1 32 943 26 I 26 
2001 5820 3638 7 84 860 1 63 2 1 99 1 540 1 538 1 3 0 7  74 1 64 949 26 I 26 
2002 5690 3 5 56 7 74 695 203 3 248 525 1 3 34 4 8  0 7  68 1 28 927 2 2 8  2 5  
2003 5940 37 1 3  7 6 1 725 206 2 2 5 1  5 5 7 5  1 370 I 3 0 9  74 1 3 1  935 23 8 28 
2004 5640 3525 8 04 653 2 1 5 6 263 630 1 342 1 8  0 7  63 1 2 1  953 25 4 2 5  
2005 5330 3 3 3 1  7 76 663 2 1 1 7 258 3 650 1 3 1 0  4 4  0 8  60 1 24 877 24 22 
2006 5 5 1 0  3444 7 72 648 \ 34 1 63 5 625 1 270 1 8  0 .8 76 1 1 1  874 1 6 5 2 2  
2007 5750 3594 7 8  703 207 252 6 650 1 4 1 2  0 4  0 8  78 1 23 986 1 7 2 26 
Well No 1 5  
1 994 68 1 0  4345 7 76 1 060 1 7 1  209 690 1 82 1  5 7  1 1  1 06 1 9 1  1 089 23 8 30 
1 995 6880 4389 774 1 060 1 7 5  2 1 3 5 645 1 764 3 5  0 8  1 04 1 94 1 029 20 6 3 1  
1 996 6970 4447 7 76 1 020 1 66 202 5 548 1 734 7 5  1 1  1 1 8  1 76 979 20 9 1 4  
1 997 7 1 1 0  4536 7 8 1 1 070 1 67 4 204 2 695 1 8 1 8  6 6  1 1 20 1 87 1 0 8 1  2 1 3 1 4  
1 998 7345 3800 7 8 1 1 1 1 1  1 7 1  234 645 1 789 3 5  0 8  1 2 3 1 70 1 009 2 1 2 22 
1 999 7300 4563 7.83 1 1 1 5 1 5 5 1 89 I 750 1 857 I 3 0 8  1 5 2 1 79 1 1 04 2 1 9 27 
2000 7430 4644 7 6  1 1 3 5  1 67 7  1 99 7 760 1 870 5 3  0 .5  1 20 203 1 207 33 4 28 
2001 7050 44 1 0  7 67 995 1 94 3 237 1 625 1 8 1 9  1 3  0 6  1 02 1 80 1 1 48 31  5 27 
2002 7570 4700 7 42 l I 50 1 70 7  208 3 850 1 897 5 3 0 .8 1 1 4 2 1 0  1 280 28 2 20 
2003 8 1 1 0  5069 7 52 1 300 1 7 1  1 208.8 800 2099 6 2  1 1 36 233 1 1 90 3 2 . 5  2 9  
2004 8320 5200 7 68 1 262 1 7 5 2 2 1 3 7 800 2 1 6 1  7 0 8  1 28 229 1 2 59 37 6 28 
2005 8460 5288 7 65 1 39 1  1 60 8  1 96 2 ### 23 1 3  1 0  0 9  1 4 1  253 1 3 1 5  25 8 22 
2006 8660 54 1 3  7 32 1 406 1 58 7  1 93 .6 875 2302 1 4  0 8  1 53 249 1 326 29 30 
2007 8660 5.J J 3  7 5  1 406 1 66 4 203 950 2295 1 5  0.9 1 49 2 5 1  1 3 57 24 2 1  
Well 0 1 6 
1 994 6700 4275 7 72 1 000 1 66 203 644 1 853 4 4  1 2  1 06 1 76 1 1 1 4 23 5 30 
1 995 6850 4345 7 76 1 04 5  1 75 2 1 3  5 64 5 1 742 4 .4  I I  1 1 6 1 84 1 023 20 6 3 1  
1 996 54 1 0  3 4 52 7 72 670 208 253 8 425 1 295 6 6  1 1  80 1 1 4 820 1 6 2  1 3  
1 997 7 1 30 4457 7 87 1 070 1 6 1  1 96 4  770 1 83 1  7 9  0 8  1 24 1 85 1 1 23 21 4 1 4  
1 998 7200 4024 7 9 1 1 009 1 7 8  1 98 776 1 879 7 0 8  96 1 07 1 1 23 1 9 9 2 5  
1 999 7380 46 1 3  7 83 1 1 70 1 56 2  1 90 6 775 1 874 4 0.8 1 46 1 96 1 1 03 2 2 . 1  27 
2000 7500 4688 7 67 1 1 7 5  1 56 2  1 90.6 765 1 9 1 2  5 7  0 3  1 26 209 1 2 1 9  3 3 5 28 
2001 7650 4 7 8 1  7 65 1 1 85 1 58 1 92.8 775 1 970 2 2  0 8  1 24 2 1 3  1 2 1 5  34 5 28 
2002 8 1 50 5094 7 33 1 295 1 50 4  1 83 5  775 2057 8 8  0.7 1 34 233 1 274 32 6 29 
2003 80 1 0  5006 7 5 1 260 1 6 5 7 202 2 800 2020 3 1 I 1 28 228 1 1 74 32 1 3 1  
2004 8 1 50 5094 7 65 1 220 1 67 I 203.9 790 2 1 00 5 . 3  0 8  1 24 2 2 1  1 230 36 7 28 
2005 8380 5238 7 65 1 366 1 62 1 1 97 8 975 2270 7 0.8 1 39 248 1 34 2  25 1 23 
2006 8660 54 1 3  7 38 1 436 1 60 1 9 5 2 875 2295 1 0  0 8  1 56 254 1 299 24 30 
2007 6690 4 1 8 1  7 .93 874 203 4 248 I 700 1 668 0.9 0 9  96 1 54 1 094 1 7 8 27 
Note All Measruments are In mgll except E C. wbich IS In jlSIcm 
TH and TALK stands for total hardness and total alkalinity respecnve1y 
\ ear EC ros P I !  TI l  TA LK l Ieo) I So, CI NOli F Ca 'II! Na K Isio, 
"Veil No 1 7  
1 99� 6600 4249 7 77 1 000 1 70 207 793 1 649 2 6  0 9  96 1 85 1 048 24 4 29 
1 995 6600 12 1 1  7 73 1 0·15 1 77 5  2 1 6 6 650 1 685 2 2  0.9 1 06 1 90 989 1 9 8 3 1  
1 996 6660 1249 7 83 1 005 1 88 229 4 546 1 665 4 .4 1 1  1 1 2 1 76 950 20 1 4  
1 997 6800 4 2 5 1  7 7 1 990 1 62 1 97 6  745 1 706 8 8  0 6  1 20 1 6 8  1 070 20 4 1 4  
1 998 6789 4354 7 8 1 1 1 1 1  1 7 1  234 645 1 789 3 5  0 8  1 2 3 1 70 1 009 2 1 2 22 
1 999 6850 4 2 8 1  7 83 1 060 1 3 1  4 1 60 3  750 1 70 1  4 8  0 8  1 1 8 1 86 1 020 20 6 26 
2000 6990 4369 7 69 1 1 2 5  1 58 7  1 9 3 6 7 1 5  1 736 5 3  0 5  1 06 209 1 1 36 31 5 27 
2001 6 1 00 38 1 3  7 72 845 1 83 9 224 565 1 500 1 3  0 7  90 1 5 1  980 27 J 27 
2002 7560 4725 7 04 1 1 65 1 54 5 1 88 5 800 1 896 4 8  0 6  1 20 2 1 0  1 1 80 30 3 27 
2003 6780 4238 7 48 1 02 5  1 72 5 2 1 0 4 700 1 669 4 0 9  1 08 1 84 1 083 27 3 28 
2004 7540 4 7 1 3  7 73 1 096 1 6 8  205 4 750 1 935 4 4  0 8  1 1 2 1 98 1 1 63 34 28 
2005 7650 478 1 7 68 1 240 1 56 8  1 9 1 3 850 2 1 54 1 0  0 8  1 1 2 233 1 1 72 22 9 24 
2006 7850 4906 7 4  1 225 1 60 8 1 96 2 850 20 1 0  1 2  0 8  1 36 2 1 5  1 206 23 6 24 
2007 7689 4999 7 68 1 256 1 70 1 99 870 2 1 54 1 1  0 8  1 56 234 1 1 89 2 5  26 
Well No 1 8  
1 994 6470 4 1 28 7 63 9 1 5 1 83 223 690 1 776 3 5  I 1 1 2 1 52 1 1 33 22 6 29 
1 995 64 1 0  4090 7 76 980 1 90 2 3 1 8 620 1 6 1 0  2 6  0 8  1 06 1 74 962 1 9 4  3 1  
1 996 6340 4045 7 83 940 200 244 520 1 5 50 3 I I 1 06 1 64 899 1 9  1 4  
1 9'17 6400 4000 7 74 900 1 75 2 1 3 5 700 1 6 1 5  1 0  0 8  1 04 1 56 1 037 1 9 2  1 4  
1 998 6300 4024 7 9 1 880 1 97 2 2 1 5  680 1 689 7 0 8  96 1 07 1 022 1 9 9 25 
1 999 6270 39 1 9  7 8 1 850 1 86 226 9 675 1 5 72 3 1  0 5  88 1 53 1 023 1 8 8 27 
2000 6 1 90 3869 7 75 920 1 7 3 6 2 1 1 8 630 1 523 8 8  0 6  92 1 6 8  1 006 27 9 27 
2001 6 1 80 3863 7 73 870 1 76 I 2 1 4 8 600 1 53 1  3 8  0 7  94 1 54 1 00 1  27 8 26 
2002 6 5 1 0  4069 7 49 930 1 76 2 2 1 4 9  625 1 576 5 7  0 6  92 1 70 1 04 5  26 26 
2003 67 1 0  4 1 94 7 6 1 980 1 88 7 230 2 650 1 607 3 I I 98 1 79 982 26 9 26 
2004 6680 4 1 7 5 7 .96 896 2 1 0 2 256 4 720 1 726 1 3  0 7  84 1 67 1 1 27 30 I 27 
2005 6950 4344 7 98 952 206 2 2 5 1  5 765 1 74 7  4 4  0 8  1 0 1  1 70 1 1 48 24 .4 27 
2006 7220 4 5 1 3  7 57 1 035 209 2 5 5  770 1 84 1  2 6  0 8  1 20 1 78 1 1 66 2 1 7 29 
2007 7560 4725 7 72 1 1 00 1 96 239 I 800 1 9 1 7  1 8  0 9  1 24 1 92 1 2 3 1  22 .7  25 
Well No 19  
1 994 6390 4077 7 65 960 1 83 223 679 1 676 3 I I I  1 20 1 58 1 042 224 28 
1 995 6360 4058 7 78 950 1 83 223 2 595 1 6 1 0  3 I 0 9  1 04 1 68 96 1 1 9  I 3 1  
1 996 6420 4096 7 8  940 1 73 2 1 1 I 505 1 568 6 6  1 2  92 1 73 892 1 9 3 1 4  
1 997 6480 4050 7 82 940 1 7 5  2 1 3 5 7 1 5  1 622 7 5  0 7  1 06 1 64 1 029 1 9 4 1 4  
1 998 6489 4354 7 88 1 1 00 1 6 5  1 96 756 1 599 5 7  0 8  1 34 1 67 1 1 56 1 5 8 25 
1 999 6560 4 1 00 7 83 1 0 1 0  1 79 8 2 1 9 4 625 1 580 1 3  0 8  1 20 1 73 926 1 9.7  26 
2000 6900 43 1 3  7 63 1 050 1 7 7 3 2 1 6 3 705 1 729 1 3  0 7  1 00 1 94 1 1 2 1  3 1  I 27 
2001 7000 4375 7 63 1 025 1 8 1 3 2 2 1 2 640 1 75 7  2 2  0 7  1 04 1 86 1 1 00 3 1  5 27 
2002 7020 4388 7 43 1 005 1 89 7  2 3 1  4 700 1 724 3 I 0 8  1 06 1 80 1 1 65 28 1 27 
2003 6960 4350 7 58 1 0 1 0  1 92 7 235 1 685 1 695 2 2  0 9  98 1 86 1 022 28 26 
2004 7040 4400 7 66 943 202 I 246 7 700 1 743 2 2  0 7  99 1 69 1 1 02 3 1 7 28 
2005 7340 4588 7 88 970 1 99 4 243 3 725 1 960 4 .4 0 7  1 0 1  1 7 5  1 2 30 2 5 8 26 
2006 7 2 1 0  4506 7 57 1 03 5  205 I 250 2 775 1 820 I 3 0 8  1 1 0 1 84 1 1 54 2 1  7 29 
2007 7560 4725 7 72 1 1 00 1 96 239 1 800 1 9 1 7  1 8  0 9  1 24 1 92 1 2 3 1  22 7 2 5  
WeU No 20 
1 994 6280 4007 7 76 940 1 7 1  209 587 1 6 5 1 3 5 I I  1 1 2 1 58 986 22 29 
1 995 6200 3956 7 7 1 9 1 5 1 88 229.4 583 1 5 36 3 I I 96 1 64 926 1 8 .6 3 1  
1 996 6360 4058 7 66 9 1 0  1 79 2 1 8 4  500 1 5 58 6 2  I I  96 1 63 900 19 I 1 4  
1 997 6540 4088 7 64 950 1 7 5  2 1 3 5 720 1 638 7 0 6  1 08 1 6 5  1 037 1 9.6 1 4  
1 998 6300 4024 7 9 1 880 1 97 2 240 6 680 1 689 7 0.8 96 1 07 1 022 1 9 9 2 5  
1 999 6850 428 1 7 87 970 1 78.6 2 1 7 9  680 1 690 7 0 9  1 02 1 74 1 043 20 6 26 
2000 6720 4200 7 69 1 000 1 8 1  220 9 685 1 694 1 0  0 7  1 00 1 82 1 092 30 2 27 
2001 6700 4 1 90 7 7  945 1 76 1 2 1 4 8 600 1 669 0 9  0.8 92 1 737 1 065 30 7 26 
2002 6550 4094 7 44 875 1 95 1 238 I 675 1 585 4 0 7  86 1 60 1 075 26 2 27 
2003 6530 408 1 7 63 870 207 5 253.2 650 1 563 1 8  0 9  84 1 60 999 26 1 28 
2004 6800 4250 7 86 89 1 208 9 254 9 690 1 665 1 8  0 7  90 1 62 1 074 30 6 27 
2005 6780 4238 7 67 990 1 99 7 243 6 800 1 72 5  3 5  0.8 92 1 84 1 1 08 20 I 23 
2006 7 2 1 0  4506 7 57 1 03 5  205 1 250 2 775 1 820 1 3 0 8  1 1 0 1 84 1 1 54 2 1 7 29 
2007 7380 46 1 3  7.73 1 065 1 96 239 I 825 1 848 0 .9 0 .9 1 0 8  1 93 1 2 1 3  22 2 2 5  
:-Iote All Measruments are 10 mgll except E.c .  which IS Ln J1s/cm 
TH and TALK stands for total hardness and total alkalinity respectively 
\ ear EC TDS P I I  Ti l T \ L K  Hco, I So, CI I No, F I Ca 'II: Na K I Sio, 
\\ ell  I 0 2 1 
1 994 5350 34 1 3  7 8  670 1 90 232 495 1 480 3 5  1 80 1 1 3  965 1 8 7 29 
1 995 5350 H I 3  7 72 675 208 253 8 480 1 307 1 8  0 8  66 1 24 850 1 6 1 29 
1 996 5290 3375 7 88 660 2 1 6  263 5 434 1 323 4 8  I I  74 1 1 5  85 1 1 5 9  \ 3  
1 997 5340 3378 7 94 650 200 244 570 1 263 7 9  0 5  76 1 1 2 875 1 6  1 2  
1 998 5240 3275 7 8 1 680 231 245 5 5 7  1 256 8 I 77 1 23 833 2 1 2 22 
1 999 5420 3380 7 99 720 2 1 0 8 257 2 550 1 2 78 0 9  0 8  1 1 8 1 03 845 1 6 3  26 
2000 5420 3388 7 67 7 1 0  200 9 245 I 5 5 5  1 287 7 0 5  68 1 3 1  880 24 4 26 
2001 5450 3406 7 66 685 2 1 2 4 259 I 500 \ 300 I 3 0 8  68 1 2 5  890 H 4  25 
2002 5360 3350 7 5 1 640 2 1 0 2 256 2 490 1 239 I 3 0 6  64 1 1 7 854 21 4 2 5  
2003 5460 34 1 3  7 6  685 207 5 253 2 525 1 265 0 9  0 9  62 1 29 862 2 1 8 28 
2004 5520 3450 7 97 634 2 2 1  269 6 600 1 307 1 8  0 7  65 1 1 5 928 24 8 25 
2005 5380 3363 7 73 673 2 \ 3  I 259 9 625 1 3 1 9  3 I 0 8  62 1 26 925 1 7  22 
2006 5460 34 1 3  7 77 678 2 1 8  266 650 1 3 24 0 9  0 8  82 1 1 5  9 1 7  1 6 .4 28 
2007 5340 3338 7 94 608 2 1 9 7 268 525 1 278 2 2  0 7  84 96 5 896 1 5 9  27 
Well 0 1 2 
1 '194 5400 3445 7 82 650 1 95 238 5 1 8  1 495 3 1 I 82 1 07 997 1 8 9  29 
1 995 5420 3458 7 8  720 2 1 8  266 485 1 324 1 8  I 80 1 26 847 1 6 3 30 
1 996 5390 343'1 7 93 650 2 1 9  267 2 442 1 348 4 I I  72 1 1 4 876 1 6 2  \ 3  
1 997 5450 3406 7 89 660 206 2 5 1  3 580 1 289 5 7  0 5  80 1 1 2 894 1 6 4 1 2  
1 998 5240 3275 7 8 1 680 234 245 557 1 2 5 6  8 I 7 7  1 23 833 2 1 2 2 2  
1 999 5 5 40 3463 7 73 705 2 1 0 8  257 2 520 1 30 1  2 2  0 6  72 1 28 583 1 6 6 2 1  
1000 5540 3463 7 9 1 665 2 1 4 5 261 7 565 1 3 1 3  7 5  0 4  72 1 1 8  900 24 9 26 
2001 5580 3488 7 85 695 2 1 7 6  265 5 500 1 349 1 8  0 6  68 1 28 9 1 6  25 I 25 
2002 5860 3663 7 7  7 1 5  2 1 6 8 264 5 500 1 373 3 1 0 7  68 1 3 2 95 1 23 4 25 
2003 5590 3494 7 73 675 225 274 5 525 1 300 0 9  0 8  68 1 2 3  886 2 2 4  27 
2004 5520 3450 7 97 667 2 2 1  274 700 1 4 1 2  7 5  0 7  70 1 20 1 027 30 27 
2005 5490 343 1 7 74 663 226 5 276 3 600 1 373 2 2  0 8  63 1 23 947 1 7 2  23 
2006 5500 3438 7 .5 7  673 237 4 289 6 625 1 327 2 2  0 8  70 1 2 1  940 1 6 5 28 
2007 5480 3425 8 27 638 2 1 9 7 268 550 1 3 1 2  1 8  0 7  88 1 0 1  942 1 6 5 26 
Well No 23 
1 994 6470 4 1 2 8 7 75 950 1 7 1  209 535 1 790 4 1 1  1 1 6 1 58 1 04 7  22 6 30 
1 '195 5400 3445 7 62 800 2 1 8  266 485 1 307 3 1 0 7  80 1 46 800 1 6 3 30 
1 996 5420 3458 7 96 660 209 2 5 5  4 2 6  1 278 6 2  1 2 76 1 1 4 8 1 5  1 6 3 1 3  
1 997 5420 3388 7 93 780 1 9 1  233 575 1 294 5 7 0 8  92 1 34 832 1 6 3 1 2  
1 998 5560 3367 7 9 1 768 1 97 2 240 6 589 1 289 7 0 8  96 1 07 878 1 9 9  2 5  
1 999 5450 3406 7 8  7 1 0  2 1 0 8 257 2 5 7 5  1 282 0 4  0 7  80 1 24 864 1 6 4  28 
2000 5480 3425 7 6  665 205 8 2 5 1  1 560 1 300 4 8  0 5  72 1 1 8 891 24 7 26 
2001 5500 3438 7 66 690 2 1 5  262 3 500 1 3 1 4  0 9  0 7  72 1 24 895 24 8 26 
2002 5330 3456 7 65 655 2 1 4 1 2 6 1  2 5 1 5  1 273 3 I 0 8  62 1 22 778 22 2 25 
2003 5700 3563 7 66 7 1 5  2 1 5 6 263 525 1 3 53 1 3 0 9  72 1 30 904 22 8 27 
1004 6800 3267 7 86 667 223 276 700 1 4 3 4  7 5  0 7  74 1 23 1 027 30 6 27 
2005 5 8 1 0  363 1 7 74 738 2 1 7  1 264 8 650 1 463 8 8  0 8  70 1 37 994 1 7 5 25 
2006 5860 3663 7 7 1 733 2 1 6 7 264 4 675 1 422 6 6  0 8  78 1 3 1  998 1 7 6 28 
2007 5930 3706 7 93 748 2 1 0 7 257 1 650 1 446 7 0 9  80 1 33 1 0 1 \ 1 7 7 2 5  
W e l l  I o H  
1 994 6880 4389 7 74 1 050 1 66 203 667 1 803 4 1 1 30 1 74 1 068 24 1 28 
1 995 7070 4 5 1 1  7 56 1 1 00 1 77 2 1 5 9 660 1 808 2 6  0 8  1 20 1 94 1 047 2 1 2 3 1  
1 996 7240 46 1 9  7 66 1 050 1 63 2 1 99 I 570 1 809 7 5  1 1  1 1 6 1 85 1 023 2 1 . 7 1 4  
1 997 7340 4683 7 66 1 070 1 67 .4 204 2 670 1 827 4 1 1 30 1 8 1  1 074 22 1 4  
1 998 7080 4545 7 88 1 1 00 1 6 5  1 96 756 1 789 5 7  0 8  1 34 1 67 1 1 56 1 5 8 25 
1 999 7460 4663 7 68 1 1 60 1 7 1  1 208 7 750 1 89 1  4 4  0 8  1 4 4  1 94 1 1 1 4 22 4 26 
2000 7590 4744 7 49 1 1 4 5  1 64 9 201 2 775 1 948 10 0 6  1 22 204 1 233 34 2 27 
2001 7790 4869 7 69 1 1 50 1 69 6  206 9 750 2024 4 0 8  1 22 205 1 2 56 3 5  29 
2002 7820 4888 7 74 1 1 75 168 205 775 1 949 5 7  0 8  1 20 2 1 3  1 2 1 0  3 1 .4 26 
2003 8030 5 0 1 9  7 62 1 240 1 72 5 2 1 0 4 800 2038 4 0 9  1 26 225 1 1 98 32 1 28 
2004 8 1 50 5094 7 76 1 262 1 72 5 2 1 0 5 825 2057 #rI# 0 7  1 2 8  229 1 287 27 7 24 
2005 9 1 00 5688 7 63 1 4 4 1  1 72 9 2 1 0 9  ### 2520 1 1  0 8  1 4 7  261 1 475 30 1 23 
2006 9390 5869 7 52 1 497 1 74 2  2 1 2 5 925 2492 1 1  0 8  1 57 269 1 436 28 2 30 
2007 9630 60 1 9  7 72 1 532 1 69 1 206 2 ### 2567 1 7  0 9  1 65 272 1 534 29 26 
ote All Measruments are In mg/l except E.C. which IS In IlSicm 
TIl and TALK stands for total hardness and total alkalinity respectively 
' e. r £C ros PH T i l  I TALKI l leo, So, CI "10, " Ca �I� I 1\3 I K Sio, 
\� el l  0 25 
1 994 6070 3873 7 89 850 1 77 2 1 6  734 1 465 2 6  I I  82 1 57 975 22 2 30 
1 995 5950 3796 7 69 870 203 247 7 525 1 4 83 - I 96 1 53 1 89 1  1 7 9  28 
1 996 5980 38 1 5  7 66 800 1 98 24 1 6 470 1 423 7 0 9  88 1 4 1  859 1 7 9  1 3  
1 997 6 1 20 3825 7 7  640 203 247 7 670 1 ,183 5 3  0 8  84 1 0 5  1 070 1 8 4  1 4  
1 998 6300 4024 7 9 1 880 1 97 2  240 6 680 1 689 7 0 8  96 1 07 1 022 1 9 9  25 
1 999 6340 3963 7 93 900 1 98 4 2 12 I 675 1 55 5  3 5 0 7  1 1 0 1 52 995 1 9  26 
2000 62 1 0  388 1 7 0  800 200 9 245 I 635 1 523 1 3  0 6  80 1 46 1 009 27 9 27 
2001 6340 3963 7 58 8 1 0  200 7 244 9 6 1 5  1 5 59 5 3  0 7  76 1 5 1  1 042 28 5 27 
2002 6400 4000 7 47 8 1 5  208 7 254 6 6 1 5  1 5 33 3 I 0 8  80 1 50 1 06 1  26 26 
2003 6520 4075 7 57 855 2 1 5 6 263 650 1 563 0 9  I 82 1 58 1 035 26 2 24 
2004 6800 4250 7 86 89 1 208 9 254 9 690 1 665 1 8  0 7  90 1 62 1 074 30 6 27 
2005 5820 3638 7 83 688 230 5 2 8 1  2 650 1 4 50 2 6  0 8  64 1 28 1 0 1 4  26 2 22 
2006 7020 4388 7 66 954 209 2 5 5  7 5 0  1 767 2 6  0 8  1 00 1 7 1  1 1 65 2 1  1 29 
2007 6820 4263 8 09 874 2 1 7  I 264 8 725 1 704 4 8  0 9  1 24 1 37 1 1 32 20 5 27 
\ ell No 26 
1 994 5 5 1 0  3 5 1 5  7 82 725 1 8 1  2 2 1  5 1 2  1 524 3 5  I 78 1 27 973 1 9 3 28 
1 995 5540 3535 7 72 730 2 1 2  258 6 480 1 3 55 3 5  0 9  76 1 3 1  858 1 6 6 30 
1 996 5540 3535 7 72 730 2 1 2  258 6 480 1 3 55 3 5  0 .9 76 1 3 1  858 1 6 /) 30 
1 <)97 5580 3488 7 7 1  675 201 245 2 600 1 337 I 8 0 6  88 I I I  924 1 6 7 1 3  
1 998 5560 3367 7 9 1 768 1 97 2 240 6 589 1 289 7 0 8  96 1 07 878 1 9 9  25 
1 999 5730 3 2 8 1  7 7  830 205 8 2 5 1  I 525 1 3 73 0 9  0 7  90 1 47 84 1 1 7 2 27 
2000 5790 36 1 9  7 8  735 208 3 254 2 590 1 409 6 6  0 5  70 1 36 94 1 26 I 26 
2001 5850 3660 7 84 7 1 5  2 1 7 6  265 5 550 1 4 1 1 0 4  0 6  74 1 30 949 26 2 26 
2002 5880 3675 7 4 5 750 200 5 244 7 550 1 473 3 5  0 6  80 1 34 949 23 5 26 
2003 5700 3563 7 66 7 1 5  2 1 5 6 263 525 1 3 53 1 3  0.9 72 1 30 904 22 8 27 
2004 6800 3689 7 86 789 223 276 700 1 434 7 5  0 7  74 1 36 1 027 30 6 27 
2005 6770 3800 7 8  790 234 278 775 1 63 8  5 7  0 7  1 07 1 69 1 1 43 23 8 24 
2006 5 7 1 0  3569 7 8  708 233 5 284 9 675 1 387 0 4  0 8  76 1 26 948 1 7  I 28 
2007 5700 3563 8 08 638 240 2 293 650 1 406 2 6  0 8  84 1 04 946 1 7 .2  27 
Well No 27 
1 994 6980 4453 7 76 1 1 00 1 59 1 94 7 1 3  1 830 4 0 9  1 20 1 92 1 082 24 .4  29 
1 995 7 1 60 4568 7 58 1 1 35 1 76 2 1 4 7 690 1 839 4 4  0 8  1 20 203 1 065 2 1 5 3 1  
1 996 7290 465 1  7 66 1 070 1 67 203 7 573 1 830 8 4  I 1 24 1 85 1 0 3 1  2 1 9 1 4  
1 997 7490 4682 7 64 1 1 20 1 65 201  3 800 1 9 1 0  3 5  0 6  1 36 1 90 1 1 65 22 .5 1 4  
1 998 7500 4700 7 9 1 I I I  I 1 65 1 98 776 1 879 7 0 8  96 1 07 1 1 23 1 9 9  2 5  
1 999 7 8 1 0  4 8 8 1  7 68 1 290 1 62 4 1 98 I 800 1 995 7 0 8  1 56 2 1 9  1 1 4 1  23 4 27 
2000 7830 4894 7 6 1 1 2 1 0  1 60 1 95 2 775 2022 5 7  0 6  1 1 8  222 1 272 35. 2 28 
2001 7950 4969 7 53 1 2 1 0  1 70 9  208 5 800 2059 4 0 8  1 28 2 1 6  1 3 1 0  3 5 7 29 
2002 7920 4950 7 3  1 200 1 68 205 800 1 962 7 9  0 7  1 1 6 2 2 1  1 208 30 9 27 
2003 8030 50 1 9  7 56 1 220 1 69 8 207 I 800 2020 2 6  0 9  1 28 2 1 9  1 1 74 3 1  8 29 
2004 8340 5 2 1 3  7 58 1 1 86 1 76 5 2 1 4 2 850 2 1 6 1  8 4  0 6  1 22 2 1 4  1 3 1 9  3 3 4 28 
2005 8260 5 1 63 7 7 1 1 228 1 80 6  220 3 975 2 3 1 9  1 1  0 8  1 26 222 1 237 24 8 27 
2006 8570 5356 7 3 7 1 32 1  1 74 2  2 1 2.5 850 2228 1 0  0 .8 1 39 237 1 3 52 2 5 7 30 
2007 9030 5644 7 56 1 336 1 69 I 206 2 975 2367 1 5  0 8  1 57 229 1 5 58 2 7 1 26 
Well No 28 
1 994 6960 4440 7 75 1 020 1 7 1  209 763 1 82 5  3 5  1 2  1 02 1 84 1 1 44 24 4 29 
1 995 7060 4504 7 66 1 1 00 1 77 2 1 6  955 1 758 2.6 1 1 02 205 1 1 54 24 5 28 
1 996 7080 4 5 1 7  7 63 1 0 1 0  1 74 2 1 2.3 556 1 765 7 9  0 9  1 1 2 1 77 1 0 1 2  2 1 2 1 4  
1 997 7 1 60 4475 7 63 1 020 1 73 2 1 1  1 750 1 805 1 8  0 8  1 1 2 1 80 1 1 23 2 1 5 1 4  
1 998 7080 4545 7 88 1 1 00 1 6 5  1 96 756 1 789 5 7  0 8  1 34 1 67 1 1 56 1 5 8 2 5  
1 999 7 1 80 4488 7 65 1 050 1 8 1  220 8 775 1 8 1 4  3 I 0 8  1 2 2  1 8 1  1 1 3 1  2 1 5 28 
2000 7240 4525 7 49 1 0 5 5  1 77 3 2 1 6 3 740 1 838 8 8  0 5  1 1 2 1 88 1 1 77 32 6 28 
2001 7400 4625 7 62 1 035 1 83 9 224 4 7 1 5  1 873 4 0.7 1 1 0 1 85 1 1 94 33 2 28 
2002 7470 4669 7 44 1080 1 8 1 6 2 2 1 5 725 1 84 1  5 3  0 8  1 06 1 98 1 1 99 29.9 27 
2003 7590 4744 7 58 1 070 1 9 1 3 233 4 740 1 862 1 8  0 9  1 1 4 1 9 1  1 1 67 30 4 28 
2004 7650 478 1 7 54 1 1 1 0 1 88 7 230 2 850 1 900 8 8  0 .7  1 34 1 89 1 245 26 9 22 
2005 8040 5025 7 53 1 240 1 82 2  222 3 950 2 1 72 8 8  0.9 1 1 8 229 1 270 25 5 24 
2006 8000 5000 7 3 5 1 1 65 1 87 1 228 2 800 2070 1 2  0 8  1 26 206 1 267 24 30 
2007 8400 5250 7 5 5 1 230 1 7 5 2 2 1 3 7 925 2 1 90 9 7  0.9 1 34 2 1 7  1 374 25. 3 27 
'ote All Measruments are In mgll except E C. which IS In IJ.S/cm 
TH and TALK stands for total hardness and total alkalinity respectively 
" ear  £C TDS I' l l  T i l  TALK J lco, So, I (' I  1'00, F Ca \tg '1a K Sio, 
Well 0 25 
1994 6070 3873 7 89 850 1 77 2 1 6  734 1 465 2 6  I I 82 1 57 975 22 2 30 
1 995 5950 3796 7 69 870 203 247 7 525 1 483 . I 96 1 5 3  1 891 1 7 9 28 
1 996 5980 38 1 5  7 66 800 1 98 24 1 6 :170 1 423 7 0 9  88 14 I 859 1 7 9 1 3  
1 997 6 1 20 1825 7 7  MO 203 247 7 670 1 483 5 3  0 8  84 105 1 070 1 8 4 1 4  
1 998 6300 4024 7 91 880 1 97 2 240 6 680 1 689 7 0 8  96 107 1022 1 9 9  25 
1 999 6340 3963 7 93 900 1 98 4 242 I 675 1 555 3 5  0 7  1 1 0 1 5 2  995 1 9  26 
2000 62 1 0  388 1 7 6  800 200 9 245 I 635 1 523 1 3  0 6  80 1 46 1009 27 9 27 
2001 6340 3963 7 58 8 1 0  200 7 244 9 6 1 5  1 559 5 3 0 7  76 1 5 1  1042 28 5 27 
2002 6400 4000 7 47 8 1 5  208 7 254 6 6 1 5  1 533 3 1 0 8  80 1 50 106 1  26 26 
2003 6520 4075 7 57 855 2 1 5 6  263 650 1 563 0 9  I 82 1 58 1 035 26 2 24 
2004 6800 4250 7 86 891 208 9 254 9 690 1 665 1 8  0 7  90 1 62 1 074 30 6 27 
2005 5820 3638 7 83 688 230 5 28 1 2 650 1 4 50 2 6  0 8  64 1 28 1 0 1 4  26 2 22 
2006 7020 4388 7 66 954 209 255 750 1 767 2 6  0 8  100 1 7 1  1 1 65 2 1  1 29 
2007 6820 4263 8 09 874 2 1 7  J 264 8 725 1 704 4 8  0 9  1 24 1 37 1 1 32 20.5 27 
Well No 26 
1 994 5 5 1 0  35 1 5  7 82 725 1 8 1  22 1 5 1 2  1 524 3 5  I 78 1 27 973 1 9 3 28 
1 995 5540 3535 7 72 730 2 1 2  258 6 480 1 355 3 5 0 9  76 1 3 1  858 1 6 6 30 
1 996 5540 3535 7 72 730 2 1 2  258 6 480 1 355 3 5  0 9  76 1 3 1  858 1 6 6 30 
1 997 5580 3488 77 1 675 201 245 2 600 1 337 1 8  0 6  88 I I I  924 1 6 7  1 3  
1 998 5560 3367 7 9 1 768 1 97 2  240 6 589 1 289 7 0 8  96 107 878 1 9 9 25 
1 999 5730 328 1 7 7  830 205 8 2 5 1  I 525 1 373 0 9  0 7  90 1 47 84 1 1 7 2 27 
2000 5790 3619 7 8  735 208 3 254 2 590 1 409 6 6  0 5  70 1 36 94 1 26 I 26 
2001 5850 3660 7 84 7 1 5  2 1 7 6 265 5 550 1 4 1 1  0 4  0 6  74 1 30 949 26 2 26 
2002 5880 3675 7 .45 750 200 5 244 7 550 1473 3 .5 0 6  80 1 34 949 23 5 26 
2003 5700 3563 7 66 7 1 5  2 1 5 6 263 525 1 353 1 3 0 9  72 1 30 904 22 8 27 
2004 6800 3689 7 86 789 223 276 700 1 434 7 5  0 7  74 1 36 1 027 30 6 27 
2005 6770 3800 7 8  790 234 278 775 1 638 5 7  0 7  107 1 69 1 1 43 23 8 24 
2006 57 10  3569 7 8  708 233 5 284 9 675 1 387 0 4  0 8  76 1 26 948 1 7  1 28 
2007 5700 3563 8 08 638 240 2 293 650 1 406 2 6  0 8  84 1 04 946 1 7 2 27 
Well No 27 
1 994 6980 4453 7 76 1 1 00 1 59 1 94 7 1 3  1 830 4 0 9  1 20 1 92 1082 24 4 29 
1 995 7 1 60 4568 7 58 1 1 3 5  1 76 2 1 4 7 690 1 839 4 .4 0 8  1 20 203 1065 2 1 5 3 1  
1 996 7290 465 1  7 66 1 070 167 203.7 573 1 830 8 .4 1 1 24 1 85 103 1  2 1 9 1 4  
1 997 7490 4682 7 64 1 1 20 165 201 3 800 19 1 0  3 5  0 6  1 36 1 90 1 1 65 22 5 1 4  
1 998 7500 4700 7 9 1 1 1 1 1  165 1 98 776 1 879 7 0 8  96 107 1 1 23 1 9 9  25 
1 999 78 1 0  4881 7 68 1 290 1 62 4 1 98 1 800 1 995 7 0 8  1 56 2 1 9  1 1 4 1  23 4 27 
2000 7830 4894 7 6 1 1 2 1 0 1 60 1 95 2 775 2022 5 7  0 6  1 1 8 222 1 272 35 2 28 
2001 7950 4969 7 53 1 2 10 1 70 9  208 5 800 2059 4 0 8  1 28 2 1 6  1 3 1 0  35 7 29 
2002 7920 4950 7 3  1 200 168 205 800 1 962 7 9  0 7  1 1 6 22 1  1 208 30 9 27 
2003 8030 50 1 9  7 56 1 220 1 69 8  207 1 800 2020 2 6  0 9  1 28 2 1 9  1 1 74 3 1 8 29 
2004 8340 52 1 3  7 58 1 1 86 1 76.5 2 1 4 2 850 2 1 6 1  8 4  0.6 1 22 2 1 4  1 3 1 9  33 .4 28 
2005 8260 5 1 63 7 7 1 1 228 1 80 6  220 3 975 23 19 1 1  0 8  1 26 222 1 237 24 8 27 
2006 8570 5356 7 37 1 32 1  1 74 2 2 1 2 5 850 2228 1 0  0 8  1 39 237 1 352 25 7 30 
2007 9030 5644 7 56 1 336 1 69 I 206 2 975 2367 1 5  0 8  1 5 7  229 1 558 27 1 26 
Weil l 0 28 
1 994 6960 4440 7 75 1020 1 7 1  209 763 1 825 3 5  1 2  1 02 1 84 1 1 44 24 4 29 
1 995 7060 4504 7 66 1 1 00 1 77 2 1 6  955 1 758 2 6  1 1 02 205 1 1 54 24 5 28 
1 996 7080 4 5 1 7  7 63 1 0 1 0  1 74 2 1 2 3 556 1 765 7 9  0 9  1 1 2 1 7 7  1 0 1 2  2 1 2 1 4  
1 997 7 1 60 4475 7 63 1 020 1 7 3  2 1 1  1 750 1 805 1 8 0 8  1 1 2 1 80 1 1 23 2 1  5 1 4  
1 998 7080 4545 7 88 1 1 00 165 1 96 756 1 789 5 7  0 8  1 34 1 67 1 1 56 1 5 8 25 
1 999 7 1 80 4488 7 65 1 050 1 8 1  220 8 775 1 8 1 4  3 1  0 8  1 22 1 8 1  1 1 3 1  2 1  5 28 
2000 7240 4525 7 49 105 5  1 77 3 2 1 6 3 740 1 838 8 8  0 5  1 1 2 1 88 1 1 77 326 28 
2001 7400 4625 7 62 1035 1 83 .9 224 4 7 1 5  1 873 4 0 7  1 1 0 1 85 1 1 94 33 2 28 
2002 H70 4669 7 44 1 080 1 8 1 6 22 1 5 725 1 84 1  5 3  0 8  1 06 1 98 1 1 99 29 9 27 
2003 7 590 4744 7 58 1 070 1 9 1 3 2334 740 1 862 1 8  0 9  1 1 4 1 9 1  1 1 67 30.4 28 
2004 7650 4781 7 54 1 1 1 0 1 88 7 230 2 850 1 900 8 8  0.7 1 34 1 89 1 245 26 9 22 
2005 8040 5025 7 53 1 240 1 82 2 222 3 950 2 1 72 8 8  0 9  1 1 8 229 1 270 25 5 24 
2006 8000 5000 7 35 1 1 65 1 87 1 228 2 800 2070 1 2  0 8  1 26 206 1 267 24 30 
2007 8400 5250 7 55 1 230 1 7 5 2 2 1 3 7 925 2 1 90 9 7  0 9  1 34 2 1 7  1 374 25 3 27 
'ole All Measrumenls are 10 mg/1 except E.C which IS 10 J.1SIcm 
TH and TALK stands for lotal hardoess and total alkalinity respectively 
" ea r  E<:;, T� P i t  T I l T \ L K  I Ico, So, CI '\0, F C. \1g "' .  K Sio, 
Well '\0 25 
1 994 6070 3873 7 89 850 1 77 2 1 6  734 1 465 2 6  1 1  82 1 57 975 22 2 30 
1 995 5950 3796 7 69 870 203 2�7 7 525 1 483 - I 96 1 53 1 891 1 7 9 28 
1 996 5980 38 1 5  7 66 800 1 98 24 1 6 470 1 �23 7 0 9  88 1 4 1  859 1 7 9 1 3  
1 997 6 1 20 3825 7 7  640 203 247 7 670 1 483 5 3  0 8  84 105 1 070 1 8 4 1 4  
1 998 6300 4024 7 9 1 880 197 2 240 6 680 1 689 7 0 8  96 1 07 1022 1 9 9  25 
1999 6340 3963 7 93 900 1 98 4  242 I 675 1 555 3 5 0 7  1 1 0 1 52 995 1 9  26 
2000 62 1 0  388 1 7 6  800 200 9 245 I 635 1 523 1 3  0 6  80 1 46 1 009 27 9 27 
2001 6340 3963 7 58 8 1 0  200 7 244 9 6 1 5  1 559 5 3  0 7  76 1 5 1  1 042 28 5 27 
2002 6400 4000 7 47 8 1 5  208 7 254 6 6 1 5  1 533 3 I 0 8  80 1 50 106 1  26 26 
2003 6520 4075 7 57 855 2 1 5 6  263 650 1 563 0 9  I 82 1 58 1 035 26 2 24 
2004 6800 4250 7 86 891 208 9 254 9 690 1 665 I 8 0 7  90 1 62 1 074 30 6 27 
2005 5820 3638 7 83 688 230 5 28 1 2 650 1 450 2 6  0 8  64 1 28 1 0 1 4  26 2 22 
2006 7020 4388 7 66 954 209 255 750 1 767 2.6 0 8  100 1 7 1  1 1 65 2 1  I 29 
2007 6820 4263 8 09 874 2 1 7  I 264 8 725 1 704 4 8  0 9  1 24 1 37 1 1 32 20 5 27 
Well No 26 
1 994 5 5 1 0  3 5 1 5  7 82 725 1 8 1  2 2 1  5 1 2  1 524 3 5  I 78 1 2 7  973 1 9 3 28 
1 995 5540 3535 7 72 730 2 1 2  258 6 480 1 355 3 5  0 9  76 1 3 1  858 1 6 6 30 
1 996 5540 3535 7 72 730 2 1 2  258 6 480 1 355 3 5  0 9  76 1 3 1  858 1 6 6 30 
1 99' 5580 3488 7 7 1 675 201 245 2 600 1 337 I 8 0 6  88 I I I  924 1 6 7 1 3  
1 998 5560 3367 7 9 1 768 1 97 2 240 6 589 1 289 7 0 8  96 1 07 878 1 9 9  25 
1 999 5730 328 1 7 7  830 205 8 2 5 1  I 525 1 373 0 9  0 7  90 1 4 7  84 1 1 7 2 27 
2000 5790 36 19 7 8  735 208 3 25� 2 590 1 409 6 6  0 5  70 1 36 94 1 26 I 26 
2001 5850 3660 7 84 7 1 5  2 1 7 6 265 5 550 1 4 1 1  0 4  0 6  74 1 30 949 26 2 26 
2002 5880 3675 7 45 750 200 5 244 7 550 1 473 3 5  0 6  80 1 34 949 23 5 26 
2003 5700 3563 7 66 7 1 5  2 1 5 6  263 525 1 353 1 3  0 9  72 1 30 904 22 8 27 
2004 6800 3689 7 86 789 223 276 700 1 434 7 5  0 7  74 1 36 1027 30 6 27 
2005 6770 3800 7 8  790 234 278 775 1 638 5 7  0 7  1 07 1 69 1 1 43 23 8 24 
2006 57 10  3569 7 8  708 233 5 284.9 675 1 387 0 4  0 8  76 1 26 948 1 7  I 28 
2007 5700 3563 8 08 638 240 2 293 650 1 406 2 6  0 8  84 104 946 1 7 2  27 
Weil l 0 27 
1 994 6980 4453 7 76 1 1 00 1 59 1 94 7 1 3  1 830 4 0 9  1 20 1 92 1 082 24 4 29 
1 995 7 1 60 4568 7 58 1 1 3 5  1 76 2 1 4 7 690 1 839 4 4  0 8  1 20 203 1065 21 5 3 1  
1 996 7290 465 1  7 66 1 070 1 67 203.7 573 1 830 8 4  I 1 24 1 85 103 1  2 1 9 1 4  
1 997 7490 4682 7 64 1 1 20 1 65 201 3 800 19 1 0  3 5  0 6  1 36 1 90 1 1 65 22 5 1 4  
1 998 7500 4700 7 9 1 1 1 1 1  1 65 1 98 776 1 879 7 0 8  96 107 1 1 23 1 9 9  25 
1 999 78 10 488 1 7 68 1 290 1 62 .4 1 98 I 800 1 995 7 0 8  1 56 2 1 9  1 1 4 1  23 4 27 
2000 7830 4894 7 6 1 1 2 1 0  1 60 1 95 2 775 2022 5 7  0 6  1 1 8 222 1 272 35 2 28 
2001 7950 4969 7 53 1 2 1 0  1 70 9  208 5 800 2059 4 0 8  1 28 2 1 6  1 3 1 0  35 .7 29 
2002 7920 4950 7 3  1 200 1 68 205 800 1 962 7 9  0 7  1 1 6 22 1 1 208 30 9 27 
2003 8030 50 19 7 56 1 220 1 69 8  207 I 800 2020 2 6  0 9  1 28 2 1 9 1 1 74 3 1  8 29 
2004 8340 52 1 3  7 58 1 1 86 1 76 5 2 1 4 2 850 2 1 6 1  8 4  0 6  1 22 2 1 4  1 3 1 9  33 4 28 
2005 8260 5 1 63 7 7 1 1 228 1 80 6  220 3 975 23 19  I I  0 8  1 26 222 1 237 24 8 27 
2006 8570 5356 7 37 1 3 2 1  1 74 .2 2 1 2 5 850 2228 10 0 8  1 39 237 1 352 25 7 30 
2007 9030 5644 7 56 1 336 1 69 I 206 2 975 2367 1 5  0 8  1 57 229 1 558 27 I 26 
Well No 28 
1 994 6960 4440 7 75 1 020 1 7 1  209 763 1 825 3.5 1 2  102 1 84 1 1 44 24 4 29 
1 995 7060 4 504 7 66 1 1 00 1 77 2 1 6  955 1 758 2 6  I 1 02 205 1 1 54 24 5 28 
1 996 7080 4 5 1 7  7 63 1 0 1 0  1 74 2 1 2 3 556 1 765 7 9  0 9  1 1 2 1 77 1 0 1 2  2 1 2 1 4  
1 997 7 1 60 4475 7 63 1 020 1 7 3  2 1 1  I 750 1 805 18 0 8  1 1 2 1 80 1 1 23 2 1 5 1 4  
1 998 7080 4545 7 88 1 1 00 1 65 1 96 756 1 789 5 7  0 8  1 34 167 1 1 56 1 5 .8 25 
1 999 7 1 80 4488 7 65 1050 1 8 1  220 8 775 1 8 1 4  3 I 0 8  1 22 1 8 1  1 1 3 1  2 1  5 28 
2000 7240 4525 7 49 1055 1 77 3 2 1 6 3 740 1 838 8 8  0 5  1 1 2  1 88 1 1 77 32 6 28 
2001 7400 4625 7 62 1035 1 83 9 224 4 7 1 5  1 873 4 0 7  1 10 1 85 1 1 94 33 2 28 
2002 7470 4669 7 44 1 080 1 8 1 6 221 5 725 1 84 1  5 3  0 8  1 06 1 98 1 1 99 29 9 27 
2003 7590 4744 7 58 1 070 1 9 1 3 233 .4 740 1 862 1 8  0 9  1 1 4 1 9 1  1 1 67 30 4 28 
2004 7650 4781 7 54 1 1 1 0 1 88 7 230 2 850 1900 8 8  0 7  1 34 1 89 1 245 26 9 22 
2005 8040 5025 7 53 1 240 1 82 2 222 3 950 2 1 72 8 8  0 9  1 1 8 229 1 270 25 5 24 
2006 8000 5000 7 35 1 1 65 1 87 I 228 2 800 2070 1 2  0 8  1 26 206 1 267 24 30 
2007 8400 5250 7 55 1 230 1 7 5 2 2 1 3 7 925 2 1 90 9 7  0 9  1 34 2 1 7  1 374 25.3 27 
ote All Measruments ar e  In mgll except E.C. which IS In )1SIcm 
TH and TALK stands for lolal hardness and total alkahnlty respecuvely 
, ear £C TDS P I I  T i l  rA LKi l Ieo, So, C! :\0, F Ca \Ig ",a K Sio, 
" el l  ",0 29 
1 99·1 6940 4428 7 73 1 030 1 78 2 1 7  790 1 820 2 6  1 2  1 04 1 85 1 1 52 24 3 29 
1 995 6940 4 128 7 7Q 1 095 1 69 206 943 1 74 5  3 5  0 8  1 1 4 1 97 1 1 37 24 3 )0 
1 996 6970 4447 7 72 990 1 78 2 1 7 2 548 1 7 1 0  7 9  1 3  1 08 1 7 5  983 20 9 1 4  
1 9'17 6920 1350 7 64 980 1 77 2 1 5 9 740 1 745 2 2  0 7  1 08 1 7 3  1 1 00 20 9 1 4  
1 998 6700 1024 7 9 1 950 1 97 2 240 6 735 1 708 7 0 8  96 1 80 1 022 1 9 9 25 
1 QQQ 6860 4288 7 63 985 1 9 3 4 236 725 1 70 1  2 2  0 8  1 32 1 59 1 070 20 7 27 
2000 6890 BOb 1 5  1 0 l O  1 7 8 6 2 1 7 8 705 1 725 8 8  0 4  98 1 86 1 1 20 3 1  27 
2001 7050 4406 7 66 990 1 83 9 224 -I 690 1 802 4 0 7  1 00 1 80 I I  05 3 1 7 28 
2002 6910 1338 7 58 985 1 95 2 238 1 700 1 680 4 8  0 7  90 1 85 1 1 47 27 7 26 
2003 6830 4269 7 6  920 1 98 I 2 4 1  7 660 1 6 5 1 0 9  0 9  90 1 69 1 029 27 3 27 
2004 6770 423 1 7 8  962 204 8 2W 9 775 1 638 5 7  0 7  1 0 7  1 69 1 1 43 23 8 24 
2005 6820 4263 7 66 9 1 9  201  245 2 800 1 7 57 4 4  0 8  80 1 7 5  1 1 40 24 25 
2006 6180 4238 7 1 1  884 2 1 1 7 2 58 3 825 1 64 7  2 6  0 8  96 1 56 1 1 38 20 3 2 5  
1007 8 1 80 5 1 1 3  8 0 1 1 200 1 8] 7 224 I 850 2 1 73 I I  0 8  1 5 3  1 99 1 372 24 2 28 
Well No 30 
1 9Q4 6840 4364 1 16 1 05 5  1 77 209 148 1 892 1 1  3 5  1 06 1 92 1 1 60 23 9 29 
1 QQ5 6'180 4453 7 62 1 080 1 80 2 1 9 6 655 1 804 3 5  0 8  1 04 1 99 1 053 20 9 3 1  
1 Q'l6 7070 45 1 1  1 69 1 040 1 7 1 6 209 4 556 1 735 8 4  I I  1 1 2 1 85 977 2 1 2 1 4  
l QQ7 7 1 50 4470 7 8 1 1 070 1 64 200 I 750 1 8 1 4  ] 5 0 8  1 1 2  1 92 1 1 02 2 1  5 1 4  
1 QQ8 7345 3800 7 8 1  1 1 1 1  1 7 1  234 645 1 789 3 5  0 8  1 2 3  1 70 1 009 2 1 2 22 
1 QQ9 7220 4 5 1 3  7 63 1 065 1 76 1 2 1 4 8 750 1 8 3 1  2 6  0 8  1 30 1 80 1 1 2 1  2 1  7 27 
2000 7370 4606 7 7  1 1 70 1 64 9 201 2 750 1 89 1  8 4  0 5  1 1 4 2 1 5  1 1 98 3 3 2 28 
1001 7920 4950 7 57 1 23 5  1 58 1 92 8 800 2067 5 3  0 7  1 24 225 1 282 36 29 
2002 1670 H94 7 H  1 205 1 68 205 750 1 9 1 5  6 6  0 8  1 22 2 1 9  1 1 28 30 1 26 
2003 7530 4706 7 58 1 1 30 1 7 5 2 2 1 3 7 730 1 888 I 3 0 9  1 1 4 205 1 099 30. 1 21 
2004 7570 413 1 1 66 1 1 8 1  1 83 3 223 6 750 1 9 1 1  7 9  0 7  1 30 208 1 232 26 7 24 
2005 8 1 30 508 1 7 6  1 3 1 1 1 7 1  5 209 3 950 22 1 3  8 4  0 8  1 27 242 1 279 28 2 22 
2006 1870 4Q I 9  7 38 1 220 1 80 6  220 3 800 203 1 4 4  0 8  1 32 2 1 6  1 2 32 23 6 30 
1001 8760 5475 7 . 59 1 366 1 6 1 7 1 97 3 950 2287 1 4  0.9 1 59 235 1 4 1 6  26 3 26 
\ ell No J 1 
1 994 6850 4370 7 13 1 050 1 66 203 665 1 894 I 3 3 5  1 06 1 9 1  1 1 2 1  2 4  29 
1 995 6820 4 3 5 1  7 6 1 1 0 5 5  1 77 2 1 5 9 642 1 73 3  3 1 0 9  1 02 1 94 1 0 1 1 20 5 3 1  
1 996 6860 4377 7 6 1 1 0 1 0  1 68 205 539 1 683 7 5  I I  1 1 0 1 79 948 20 6 1 4  
1 997 6890 4306 7 62 1 0 1 0  1 69 206 2 725 1 723 3 I 0 7  1 0 8  1 80 1 062 20 7 1 4  
1 998 6700 4024 7 9 1 1 000 1 97 2 240 6 735 1 708 7 0 8  96 1 80 1 022 1 9 9 25 
1 9Q9 6 8 1 0  4256 7 66 1 030 1 73 6 2 1 1  8 750 1 684 3 5  0 8  1 40 1 65 1 042 20 4 21 
2000 6930 4 3 3 1  7 73 1 020 1 67 4 204 2 705 1 742 8 4  0 4  1 1 0 1 8 1  1 1 26 3 1 2 21 
2001 7420 4638 7 68 1 1 25 1 64 5 200 7 7 1 5  1 908 4 0 8  1 20 201 1 1 94 33 28 
2002 7230 4 5 1 9  7 36 1 1 4 5  1 76 2  2 1 7. 9 750 1 8 1 0  I 8 0 7  1 1 4 209 1 086 28.9 21 
1003 7080 4425 7 57 1 060 1 83 3 223 6 700 1 748 4 4  0 9  1 20 1 85 1 045 28 4 26 
2004 6840 4275 7 5 8 1 020 1 96 7  240 700 1 682 4 8  0 7  1 30 1 69 1 1 55 24 23 
2005 6580 4 1 33 7 .94 905 1 99 4 243 3 775 1 776 5 3  0 7  86 1 68 1 0 1 2  1 9 7 28 
2006 6990 4369 7 38 1 035 1 97 4 240 8 750 1 774 0 4  0 7  1 00 1 9 1  1 1 05 20.9 29 
2007 7230 4 5 1 9  7 5 8 1 040 1 80 I 2 1 9 7 825 1 830 4 4  0 9  1 1 4 1 83 1 1 70 2 1 6 2 7  
Weil l 0 32 
1 Q94 66 1 0  42 1 7  7 74 980 1 66 203 702 1 828 1 2  2 6  1 00 1 77 1 1 30 23 I 28 
1 995 6500 4 1 47 7 56 1 000 1 8 1  220 8 6 1 0  1 6 54 3 1  0 7  1 00 1 82 972 1 9 5  3 1  
1 996 6500 4 1 4 3 7 7 1 950 1 7 1 6 209.4 5 1 1  1 595 8 4  1 1  1 08 1 6 5  908 1 9 5  1 4  
1 997 6470 4045 7 65 960 1 66 202 5 7 1 0  1 6 1 0  2 2  0 . 5  1 04 1 70 1 003 1 9 4  1 4  
1 998 6500 4024 7 9 1 950 1 97 2 240 6 735 1 708 7 0 8  96 1 80 1 022 1 9 9  2 5  
1 999 6420 40 1 3  7 69 950 1 64 9 201 2 700 1 525 1 8  0 8  1 30 1 5 2  948 1 9 3  26 
2000 6600 4 1 25 7 54 985 1 6 8 6 205 7 690 1 65 5  3 5  0 5  1 06 1 75 1 073 29 7 27 
2001 70 1 0  4 3 8 1  7 65 1 065 1 6 8 4 205 5 665 1 775 4 0 7  1 1 4 1 90 1 1 34 3 1  5 2 7  
2002 69 1 0  43 1 9  7 4  1 03 5  1 70 7 208 3 775 1 706 3 5 0 7  1 06 1 87 1 063 27 6 2 7  
2003 6720 4200 7 4 8  995 1 79 2 2 1 8 7 675 1 634 6 2  0 8  1 06 1 77 1 0 1 4  26.9 26 
2004 6650 4 1 56 7 72 89 1 1 88 9 230 I 680 1 64 7  6 6  0 8  90 1 62 1 05 1  29 9 2 7  
2005 6370 398 1 7 57 9 1 4  1 80 9  220 1 7 7 5  1 653 7 0 8  90 1 67 1 0 1 8  1 9 3 22 
2006 6600 4 1 2 5 7 42 954 1 85 8 226 6 725 1 66 1  4 4  0 7  1 0 1  1 7 1  1 055 1 9 8 29 
2007 6600 4 1 2 5 1 66 944 1 72 . 7  2 1 0 7 7 2 5  1 650 I I  0 9  1 0 8  1 64 1 083 1 9 8 26 
Note All Measruments are Ln mg/1 except E C which IS 10 l1SIcm 
TIl and TALK stands for total hardness and total aJkaJlOJty respectively 
Yea r EC TOS P I I  T i l  T,\ L K  l Ieo, I So, C l  No, F Ca M\! I Na K Sio, 
W ell No 33 
1 994 5370 3�2/) 7 8  680 205 250 506 1 48 5  1 . 2 2 6  84 1 1 4 974 1 8 8 29 
1 995 64�0 4 1 09 7 65 1 020 1 84 22� 5 600 1 646 3 1 0 8  1 02 1 86 955 1 9 3 3 1  
1 996 6�60 4 1 2 1  7 63 940 1 70 4  207 9 508 1 58 5  7 1 2  1 00 1 68 903 1 9 4 1 4  
1 997 6500 4063 7 77 950 1 69 206 2 7 1 5  1 6 1 0  1 3 0 7  1 20 1 58 1 0 1 2  1 9 5 1 4  
1 998 6500 4024 7 9 1 950 1 97 2 240 6 7 3 5  1 708 7 0 8  96 1 80 1 022 1 9 9 25 
1 9'19 6250 4075 7 73 990 1 76 1 2 1 4 8 700 1 709 2 2  0.7 1 30 1 62 1 054 1 9 4 26 
2000 6540 4088 7 3 3 945 1 77 3 2 1 6 3 690 1 628 1 3  0 7  1 00 1 69 1 063 24 9 27 
2001 6640 4 1 50 7 72 960 1 8 1  3 2 2 1 2 640 1 669 4 8  0 8  96 1 7 5  1 099 29 9 27 
2002 6630 4 1 44 7 6 1 945 1 86 3 227 3 650 1 602 2 6  0 7  94 1 73 1 048 26 5 26 
2003 6540 4088 7 -13 950 1 8 8 7 230 2 675 1 68 5  6 2  0 8  96 1 73 977 26 1 25 
2004 6530 �08 1 7 69 853 1 96 7 240 675 1 6 1 2  2 6  0 7  88 1 54 1 046 29 .4 27 
2005 6390 3994 7 32 903 1 9 5 6 238 7 700 1 653 4 4  0 8  84 168 1 062 24 4 26 
2006 6380 3988 7 64 869 1 94 J 237 1 750 1 5 52 4 .4 0.8 90 1 56 1 0 4 1  1 9 1 27 
2007 6260 39 1 3  7 84 869 1 8 1  1 2 2 1  6 7 5  1 563 9 7  0 9  t 1 8  1 39 1 02 1  1 8 7 26 
Well No 34 
1 99-1 6600 H 1 1  7 74 1 050 1 66 203 782 1 72 5  1 8  3 5  1 1 2 1 87 1 069 23 1 30 
1 995 6570 4 1 92 7 .7 1 990 1 7 5  2 1 1 I 620 1 646 3 1 0 6  96 1 82 973 1 9 7 3 1  
1 996 6640 4236 7 67 965 1 5 2 4  1 85 9 5 2 1  1 629 7 9  1 1  1 04 1 7 1  9 1 8  1 9.9 1 4  
1 997 6660 4249 7 7� 965 1 64 200 I 5 3 2  t 664 4 8  0 8  1 08 1 69 95 t 20 1 4  
1 998 6700 4024 7 9 1 1 000 1 97 2 240 6 735 1 708 7 0 8  96 t 80 1 022 1 9 9 25 
1 999 64 1 0  4006 7 85 920 1 79 8 2 1 9 4 675 1 5 80 4 .4 0 9  t 08 1 58 993 1 9 3  24 
2000 6700 4 1 88 7 62 985 1 5 8 7 1 93 6  685 1 672 9 2  0 6  1 1 2 1 7 1  1 089 30 2 2 7  
2001 6500 4289 7 68 1 1 25 1 64 5 200 7 7 1 5  1 908 4 0 8  1 20 201  1 1 94 33 28 
2002 6910 43 1 9  7 54 1 000 1 64 6 200 8 725 1 663 5 .3  0 7  1 04 1 80 1 022 27 6 27 
2003 6740 42 1 3  7 46 990 1 72 . 5  2 1 0 .4 675 1 639 7 0.9 1 04 1 77 1 000 26 9 26 
2004 6870 4294 7 67 939 1 68 4 205 4 680 1 7 1 7  7 9  0 7  1 03 1 69 1 06 5  30 9 27 
2005 6780 4238 7 5 8 984 1 66 2  202 7 775 1 770 9 2  0 8  90 1 84 1 1 30 24 6 26 
2006 7220 4 5 1 3  7 42 1 1 05 1 66 . 4  203 775 1 84 1  1 1  0 8  1 1 0 202 1 1 96 1 9 6 29 
2007 7420 5638 7 83 1 1 25 1 69 6 206 9 825 1 926 22 1 1 6 3  1 74 1 228 20 2 24 
Well No 35 
2000 6590 4 1 1 9  7 83 970 1 77 . 3  2 1 6 3 670 1 650 7 9  0 6  1 00 1 7 5  1 0 7 1  29 7 27 
2001 6830 4269 7 75 1 030 1 74 8 2 1 3 3 650 1 740 4 4  0 8  1 1 2 1 82 1 1 24 30.7 27 
2002 6660 4 1 63 7 59 965 1 86 3  227 3 675 1 628 1 3 0 6  94 1 77 1 088 26 7 25 
2003 6970 4356 7 43 1 070 1 84 6 225 2 675 1 739 5 7  0 7  1 1 0 1 93 1 0 1 5 28 27 
200-1 6790 4244 7 98 924 1 99 4  243 3 670 1 6 9 1  3 I 0 7  95 1 67 1 063 30 6 27 
2005 7 1 80 4488 7 5 5 1 090 1 83 6 224 850 1 920 4 .8 0 7  78 2 1 7  1 1 39 23 9 25 
2006 70 1 0  -1 3 8 1  7 4  1 05 5  1 94 . 8 237 6 750 1 795 5 8  0 7  1 08 203 1 1 3 1  2 1 . 1  29 
2007 7290 4556 8 0 1 1 090 1 96 .5 239 8 800 1 900 4 4  t 1 77 1 57 1 1 86 22 26 
Well No 36 
2000 6400 4000 7 7 5 900 1 82 3  222 4 655 1 57 1  8 8  0 7  92 1 63 1 040 28 8 2 7  
2001 6400 4000 7 78 930 1 76 I 2 t 4 8 625 1 606 4 4  0 7  92 1 70 1 030 28 7 27 
2002 6680 -1 1 75 7 46 1 0 1 0  1 85 225.7 690 1 63 3  2 2  0 7  96 1 87 1 065 27 1 26 
2003 7630 4769 7 4  1 200 t 9 1 3 2 3 3 4 750 1 9 1 5  6 2  0.9 1 26 225 1 1 1 6 30 I 29 
2004 7 1 20 4450 7 7  986 1 9 1 3 233 3 700 1 778 8 4  0 7  97 1 8 1  1 1 02 32 28 
2005 7 1 40 4463 7 53 1 0 50 1 87 6 228.9 850 t 879 4 8  0 7  1 08 1 89 1 1 50 24 8 23 
2006 7 1 20 4450 7 38 1 065 1 94 8 237 6 7 7 5  1 802 1 3  0.7 1 1 2  1 9 1  1 1 26 2 1 4 29 
2007 7 1 00 4434 7 57 999 1 87 4 228.7 775 1 782 2 2  0 8  1 1 0 1 76 1 1 54 2 1 .4 25 
Well  No 37 
2000 6490 4056 7 76 900 1 86 226 9 660 1 6 1 1 7 5  0.6 90 1 64 1 0 5 5  29 2 27 
2001 6750 42 1 9  7.69 995 1 8 1  3 2 2 t  2 640 1 7 1 3  4 8  0.7 1 00 1 8 1  1 1 0 1  3 0  3 28 
2002 6670 4 1 69 7 .4 1 945 1 95 8 238 9 665 1 6 1 8  1 3  0.7 84 1 79 1 073 26 7 26 
2003 7320 4575 7 56 t 085 1 99 4  243 3 700 1 662 6 2  0.8 1 1 2 1 96 1 1 2 1  29 5 28 
2004 6880 4300 7 73 891 202 1 246 6 240 1 708 5 3  0 7  92 1 6 1  1 1 24 3 1  27 
2005 7480 4675 7 5 t 1 1 50 1 82 2  222 3 875 20 1 9  6.6 0 7  1 1 4 2 1 0  1 1 77 2 5  I 25  
2006 7000 4375 7 33 989 201  245 2 800 1 754 3 1  0 8  1 06 1 76 I t 42 2 1  2 1  
2007 7 1 1 0  4444 7 56 1 029 2 0 1 2 2 4 5 . 5  800 1 837 4 4  0 .9 86 1 98 1 t 77 2 1  3 1 8  
ote All Measruments are In mg/l except E.C. whIch I S  III Jis/cm 
TH and TALK stands for total hardness and total alkalJDJty respectively 
\ ear EC TDS PH T i l  TA L K  I lea, So, CI No) F Ca I ;\Ig N. K Sia, 
Well 0 38 
2007 1 67401 �2 1 3 1 7  9 1 1 849 1 205 8 1 25 1  1 1 725 1 1 654 0 9  J 0 8  98 1 47 1 1 49124 91 27 
Well 0 39 
2007 17020 I 4388 I 7 94 889 2 1 4 5 J 261 7 1 7001 1 78 1  4 1 0 9  1 39 1 32 1 2001 2 1  I I  26 
Well No 40 
2007 6890 I 4306 I 7 86 899 2 1 1 9 I 258 6 725 1 1 734 4 1 0 8 1 22 1 44 1 1 70123 1 1  26 
\"ell No 4 1  
�007 6630 4 144 I 7 9 1  854 205 8 1 25 1  1 775 1 1 6 1 2  5 3 1 0 8  84 1 56 1 1 20122 21 26 
Well 0 42 
2007 6920 4325 7 84 859 2 1 3  2 260 1 7501 1 730 4 1 0 9  1 20 1 36 1 1 76120 81 25 
Well No 43 
2007 6720 4200 7 83 I 839 1 207 252 6 725 1 1 6 1 8  4 8 1 0 9  90 1 49 1 1 49124.51 27 
Well No H 
2007 16700 4 1 88 7 84J 869 I 207 252 6 750 1 635 4 4 1 0 8 106 1 47 1 1 47124 51 26 
Well No 4S 
2007 167801 4238 7 77 1 934 1 1 98 5 242. 1 750 1 67 1  4 8  1 0.9 98 1 67 1 1 47122 71 24 
Well 0 46 
2007 16570 I 4 1 06 8 1 91 879 1 2 1 5 8 263 3 700 1 649 I 3 1 0  Q 1 1 2  1 4 5  1 1 1 5 2 1 71 25 
Well 0 47 
2007 I 6540 I 4088 7 81 I 874 1 205 8 25 1  I 700 1 598 3 5 I 0 9 96 1 1 54 1 1 1 2 2 1 91 25 
Wel l  No 55 
2004 6390 3994 7 72 777 2 1 5 6 263 650 1 547 .1 3 0 6  76 1 42 1 036 28 8 27 
2005 67 1 0  4 1 94 7.56 929 21 I 7 258 3 800 1 7 1 2  5 3  0 7  72 1 82 1 1 1 3 20.5 25 
2006 6560 4 1 00 743 9 1 9  2 1 6 7 264 4 750 1 605 1 8  0 7  90 1 68 1094 1 9 7 28 
2007 6570 4 1 06 7 7  980 220 270 725 1 602 3 . 5  0 8  92 1 59 1 1 25 24 24 
Well 0 56 
2004 6400 4000 7 75 743 2 1 5 6 263 670 1 543 4 0 6  76 1 34 1 060 28.8 27 
2005 6820 4263 7 54 909 209 9 255 825 1 770 4.8 0 8  90 1 66 1 1 00 2 1  I 25 
2006 6950 4344 7 54 984 2 1 4  I 26 1 3 750 1 742 3 1  0 8  82 1 89 1 1 23 20.8 28 
2007 7340 4588 7 83 1055 201 7 246 750 1 857 2 6  0.9 1 28 1 78 1 233 25.7 25 
Well '0 57 
2004 6690 4 1 8 1  7 7  8 1 5  222 4 2 7 1 2 680 1 434 2 2  0.7 87 I SO 962 30 I 27 
2005 7580 4738 7 63 1 205 1 56.8 1 9 1 3 900 2028 7 0.7 1 22 2 1 9  1 2 1 6  24 2 26 
2006 7560 4725 7 66 1 2 1 5  1 54 8  1 88.9 825 1 925 6.6 0 8  1 1 8 223 1 1 67 22.7 29 
2007 7670 4890 7 89 1 245 1 76 198 879 201 1  8 0 8  1 2 3  229 1 234 24 .4 26 
• ote All Measruments are I n  mgll except E.C. WhlCb IS m I's/cm 
TH and TALK stands for total hardness and tolal alkalinity respectively 
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Lithological  Sections of H a l lew Wells 
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